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findings in the standard leads which may be regarded as pathognomonic of right 
ventricular hypertrophy. Three patterns have been variously considered as 
more or less diagnostic of right ventricular hypertrophy, namely: ( 1 ) definite 
right axis deviation in the standard leads, which, according to some auiliors, 
must be accompanied by RS-T depression and T-wave inversion in Lead III 
and, according, to others, in Lead II, as well; (2) a pattern characterized chiefly 
by deep S waves in all three standard leads; and (3) certain I’ wave abnormalities 
attributable to auricular hypertrophy, which by inference was associated with 
right ventricular hypertrophy. While right bundle branch block may be asso- 
ciated with. right ventricular hypertrophy, it is not diagnostic of the latter, since 
this conduction defect is most commonly due to coronary disease and may occur 
even though the right ventricle is normal in weight.*^’’ 

Significance of Definite Right Axis Deviation With or Without RS-T Displace- 
ment and T-wave Inversion in Leads Hand III. — It has long been known that right 
axis deviation may result from vertical position of the heart as well as from right 
ventricular hypertrophy, and much thought has been given to the establishment 
of criteria which would permit their differentiation. Some authors* ’*'’” have 
apparently accepted definite right axis deviation, characterized by an Si of 
greater amplitude than Ri and by an Rs of greater height than Rj. as sufficient 
evidence for a diagnosis of right ventricular hypertropliy. Others have attempted 
to express these relationships between the amplitudes of the component parts 
of the QRS in Leads I and III mathematically, either in terms of the cardiac 
index” or in terms of the angle alpha from the Einthoven triangle.*- The cardiac 
index, however, is often abnormal in mere v-ertical position of the heart, and is 
frequently within normal limits in right ventricular hypertrophy secondary to 
obstructive emphj^sema due to the low voltage in the standard leads. There- 
fore, the cardiac index is more apt to mislead than a casual inspection of the 
electrocardiogram. Calculation of the angle of the vector, although not subject 
to tbe same error as the cardiac index, is no more accurate than an empiric 
examination of the tracing in differentiating between right axis deviation due 
to vertical position and that due to right ventricular hypertrophy.*® Although 
an angle exceeding + 110 ° is regarded as abnormal, it is sometimes found in 
vertical position of the heart without right ventricular hypertrophy, whereas 
an angle of less than + 110 ° is not uncommon in persons with preponderant 
hypertrophy of the right ventricle.*- The fallacy of basing a diagnosis of right 
yentricular hypertrophy on the presence of definite right axis deviation in the 
electrocardiogram has been emphasized by Fox and Kremer** and will be ex- 
emplified and discussed at more length. 

Certain continental authors*"'*^ have emphasized the greater diagnostic and 
more serious prognostic significance of definite right axis deviation when accom- 
pani^ by an inverted, rather than an upright, Tj. Von Pein, Papageorgion, 
and Toelken*® were unable to confirm this conclusion. Kienle*® recognized that 
right axis deviation -with negative T 3 may occur in norma! vertically placed 
hearts as well as in right ventricular hypertrophy, but stated that exercise makes 
Ts become upright in the former and more deeply inverted in the latter. In 



3 


MYERS ET AL. : ECG DIAGNOSIS OF RIGHT VENTRICULAR HYPERTROPHY 

view of the known lability of T3, it is unlikely that dependable diagnostic in- 
ferences can be drawn from changes in its direction. 

Definite right axis deviation, accompanied by RS-T depression and T-wave 
inversion in Lead II as well as in Lead III, is commonly regarded as diagnpstic 
of right ventricular hypertrophy or “strain,” following a concept advanced in 
1929 by Barnes and Whitten.^o Although the majority of patients with this 
pattern have underlying right ventricular dilatation and hypertrophy, it must be 
emphasized that a substantial minority have no right ventricular lesion whatever. 
Klainer-^ has found right axis deviation with inverted To and Tg in patients 
where subsequent autopsy revealed isolated left ventricular hypertrophy with 
or without complicating myocardial infarction. Wilson and associates-- have 
pointed out that this pattern may occur in uncomplicated left ventricular hyper- 
trophy when the heart is in vertical position. Under these circumstances, the 
heart is rotated clockwise on its long axis, so that the left ventricle occupies a 
posterior inferior position, resting upon the diaphragm. The potential variations 
of the epicardial surface of the posterior wall of the left Ventricle are transmitted 
to the diaphragm and thence to the left leg, resulting in a tall R wave, a depressed 
RS-T junction, and an inverted T wave in Lead aVp, which are carried over into 
standard Leads II and III, The rotation brings the right ventricle more to the 
left and superior, so that the potential variations of its epicardial surface are 
referred to the left arm and are registered as a relatively small R and deep S in 
Lead aVL, which are carried over into standard Lead L Goldberger and 
Sch war have confirmed this and have further pointed out that definite right 
axis deviation with RS-T depression and T-wave inversion in Leads II and III 
may occur in normal subjects when the heart is in vertical position with apex dis- 
placed forward. This is exemplified by Fig. 1, which reproduces the electro- 
cardiograms obtained on a young woman with asthenic chest, low diaphragm, 
and a vertically placed, but otherwise normal, heart. This patient is comparable 



Pig. 1. Eflecb of po.sture on limb loads of a normal person with vertically jdaced heart. 


4 


AMERICAN HEART JOURNAL 


to those of Goldberger in the occurrence of an inverted T 2 and T 3, when the 
diaphragm was further lowered by assumption of the sitting posture and by change 
to an upright T2 and diphasic T3 when the diaphragm rose with recumbency. 
The negative T2 and Ts under such circumstances may be the result of sufficient 
alteration in cardiac position so that the electrode on the left leg is dominated 
by potential variations from the posterobasal aspect of the left ventricle near its 
junction with the left auricle. Tracings obtained through esophageal leads from 
points opposite the auriculoventricular junction normally reveal a QR complex 
and inverted T wave, resembling those in Leads aVp, II, and III of Fig. 1, taken 
in the sitting position ; whereas tracings obtained through more distal esophageal 
leads opposite the posterior aspect of the left apex normally show the QR complex 
and upright T wave resembling those in Leads aVp and II, taken in the recumbent 
position. The greater amplitude of the P wave in Lead aVp in the sitting position 
is in keeping with closer approach of the auricles to the diaphragm and thus 
lends support to the foregoing hypothesis. 

Further evidence that the patte-rn characterized by definite right axis 
deviation accompanied by RS-T depression and T-wave inversion in Leads II 
and III is not pathognomonic of right ventricular hypertrophy, dilatation, or 
“strain” is afforded by Figs. 2 and 3. In these figures the electrocardiogram's of 
a total of twelve cases are reproduced, arranged in four groups of three cases each. 
Post-mortem e.xamination established the presence of a normal heart in one 
patient out of each triplet, right ventricular hypertrophy in another, and isolated 
left ventricular hypertrophy in the third. From a comparative study of the 
QRS complexes, the RS-T segments, and T waves of the three cases in each 
group, it would be difficult or impossible to make a positive differentiation. , 

It has been implied that predictions can be made not only as to the degree 
of right ventricular hypertrophy, but also as to the severity and location of the 
underlying valvular defect from the degree of right axis deviation and the con- 
figuration of the T waves in Leads II and 1 11.^ Since definite right axis devia- 
tion with RS-T depression and T-wave inversion in Leads II and III may occur 
in the absence of right ventricular disease, even greater errors would be expected 
from diagnostic inferences based upon gradations of the pattern. For the same 
reason, the statement that right axis deviation in persons with aortic valvulitis 
indicates the presence of complicating mitral valvular disease’- is untenable. 
Furthermore, attempts have been made to interpret certain variations in the 
pattern as indicative of coexistent left and right ventricular hypertrophy or 
‘ strain. ’ Right axis deviation with depressed RS-T 1 and inverted T 1, left 
axis deviation with inverted T » and T 3, and a neutral axis with depressed RS-T 1 
and RS-To and inverted Ti have been ascribed to combined left and right ven- 
tricular hypertrophy or “strain.”’’^ However, any of these three patterns may 
be obtained when lesions are confined to the left ventricle, the neutral axis or 
right axis deviation being due to semivertical or vertical position of the heart and 
the T-wave abnormalities being traceable to position alone or to complicating 
myocardial ischemia. It is our intention to elaborate further on this subject in 
a separate communication on left ventricular hypertrophy. 
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Fig. 2. — Resemblance of right axis deviation due to vertical position to that 
associated with right ventricular hypertrophy. 
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A few additional features of the QRS contour in right axis deviation, which 
have been proposed as aids in differential diagnosis, ^remain for comment. Gold- 
berger and Schwartz-^ have pointed out that a small but definite Q wave is asso- 
ciated with a tall R wave in Leads aVp, II, and III when right axis deviation is 
associated with vertical position of the heart, but that no Q wave would be 
expected in these leads when the tall R is derived from a hypertrophied right 
ventricle resting on the diaphragm. As mentioned before, the tall R wave found 
in Leads aVp, II, and III in vertical position of the heart is derived from activa- 
tion of the posteroinferior wall of the left ventricle. An interval of 0.01 to 0.02 
second normally elapses between the onset of activation of the septum and the 
arrival of the impulse at the posterior wall of the left ventricle. Negative 
potentials referred to the left ventricular cavity from septal depolarization are 
transmitted through the as yet unactivated posterior wall to the diaphragm and 
thence to the left leg, where they are registered as a Q, wave in Lead aVp and in 
Leads II and III. With moderate right ventricular hypertrophy, as Goldberger 
and SchAvartz recognized, the heart generally lies in vertical position and QR 
complexes of left ventricular origin are recorded in Leads aVir, II, and III. Even 
with marked right ventricular hypertrophy accompanied by rotation of the 
•heart, so that potential variations of the epicardial surface of the right ventricle 
are referred to the diaphragm, a QR complex may be found in Leads aVp, II, 
and III, similar to that obtained in Lead Vi.-® A tall R wave, under such cir- 
cumstances, is due to activation of the hypertrophied inferior wall of the right 
ventricle and the antecedent Q wave to onset of activation of the septum slightly 
ahead of the arrival of the impulse in the outer wall of the right ventricle. The 
undependability of the direction of the initial deflection of the QRS in Leads II 
and III as a criterion for the differentiation betAveen right axis deAuation due 
to vertical position of the heart and that due to right A'entricular hypertrophy 
is borne out by a study of Figs. 2 and 3. A Qa is present in three of the four 
patients AA’'ho had right A^entricular hypertrophy in these illustrations, absent from 
one patient having right axis deAuation due to left ventricular hypertrophy, and 
questionable in another. 

It has beep further pointed out that in A'^ertical position of the heart the QRS 
of Lead II consists largely of an R waA^'e, Avhereas in right A’^entricular hypertrophy 
it is diphasic, consisting of an RS complex.-’ Although this statement holds 
for the majority of cases, there are a sufficient number of exceptions to make it 
undependable. For example, a diphasic QRS 2 Avith prominent S AA'aA^e A\"as found 
in tAvo patients (Case 4A of Fig. 3 and in Case A of Fig. 4) both of A\'hom had normal 
hearts at autopsy. On the other hand, the S AA’^ave AA^as insignificant in three 
patients (Case 2B of Fig. 2, Case 4B of Fig. 3, and in Case B of Fig. 18) all of 
AA'^hom had definite right ventricular hypertrophy at autopsy. Katz and asso- 
ciates-® haA^e amplified the criteria of right A^entricular hypertrophy in standard 
Lead II to include tAAm alternative patterns, namely, the prominent S AAnth 
upright T, as discussed prevdousl^'^, or a prominent R Avith inverted ,T. Hoav- 
ever, the latter pattern may occur in right axis deviation from A'^ertical position 
in the absence of right ventricular hypertrophy and eA’-en in normal hearts, as 
exemplified by five patients (Cases lA, 1C, 2A, 2C, and 3A of Figs. 2 and 3). 
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Katz and Wachtel29 have stated that a diagnosis of congenita! heart disease 
can be made when two of the standard leads exhibit a high-voltage, diphasic 
QRS complex whose smaller phase is more than one-quarter the amplitude of the 
larger phase. Right axis deviation with QRS complexes conforming to this 
description is most often assodated with congenital heart disease, probably 
because of the tendency to high voltage in such cases and the comparative 
rarity of high voltage in association with right ventricular hypertroph}^ due to 
other causes. However, the foregoing pattern is not pathognomonic of con- 
genital heart disease, because it is very occasionally found in long standing right 
ventricular hypertrophy from acquired causes and in infants with hearts which 
are normal to physical and roentgen examination. A gradual tendency for 



Fig. 4. — Electrocardiograms of two patients proven to Have normal hearts at autopsy. 


QRS complexes to become more diphasic and to increase in voltage may be ob- 
served with gradually increasing right ventricular hypertroph}’ due to mitral 
stenosis, as shown in Fig. 5. In acute cor pulmonale, the QRS characteristically 
becomes diphasic in two or more standard leads and may increase considerably 
in amplitude, but generally remains within the limits of normal voltage. 

Significance of Eleclrocardiograms Characterized by Predominant S Waies 
in Each of the Three Standard Leads. — Schwartz and Marcus, in a study of 
24,200 electrocardiograms, found fifteen records in which the main deflection of 
the QRS consisted of an S wave in all three standard leads. In each of the nine 
patients who came to autopsy, right ventricular dilatation and/or hypertrophy 
was found. The authors also pointed out that the main deflection in each of the 
three standard leads may be downward as a result of myocardial infarction, 
but that the downward deflection under these circumstances is a Q wave. They 
concluded that a predominant S pattern in all three standard leads was due to 
increased size of the right ventricle, either from hypertrophy or dilatation, or 
both. Langendorf, Hurwitz, and Katz*^ encountered the predominant S pattern 
in all three standard leads in seven cases and attributed it to coexistent left and 
right ventricular “strain,” obtaining autopsy confirmation in one patient. ^ Gold- 
berger and Schwartz*-’’^^ have more recently reinvestigated patients with the 
predominant S pattern in all three standard leads and have concluded that it 
may occur in normal subjects, as Avell as in patients with right \entricular dilata- 
tion or hypertrophy. They have attributed the pattern to backward displace- 
ment of the apex in a vertically placed heart. Under these circumstances, the 
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I'ig. 5.~DoveIopniont of electrocardiographic signs of riglit ventricular hypertrop 
in a patient having mitral stenosis. 
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pocential variations of the epicardial surface of the right ventricle are referred 
to the left leg and.are recorded as an RS complex in Lead aVp and thus contriliuie 
to the S wave in Leads II and III. The potential variations of the posterobasal 
surface of the left ventricle are referred to the right arm and are manifested 
by a small Q and prominent R wave in Lead aV^. Since the galvanometric 
connections to the right arm in standard Leads I and II are the reverse of 
in Lead aV^, the potential variations which give rise to the late upward deflec- 
tion in Lead aVp. will be recorded as a late downward deflection, or S wave, in 
standard Leads I and 11. This is illustrated in Fig. 9 and will be discussed 
further in the section on the Goldberger leads. Hence, electrocardiograms char- 
acterized by a predominant S wave in all three standard leads may occur with 
backward displacement of a normal heart and are not diagnostic of right ventric- 
ular hypertrophy. Passing mention might be made of an electrocardiogram 
characterized by a small R and deep S in each of the three standard leads obtained 
on a patient with situs inversus viscerum,*- the diagnosis being evident from 
the inverted P and T waves in Lead I. If correction were made for the con- 
genital dextrocardia in that case, the position of the heart would probably be 
analogous to that of the patient, Case B, in Fig. 4. 

Significance of P -wave Abnormalities as Indirect Evidence of the Presence of 
Right Ventricnlar Hypertrophy. — Kahn® drew attention to the occurrence of tall, 
sharply peaked P waves in Leads II and III in bronchial asthma. Winternitz'® 
described the pattern under the term “P pulmonale” and attributed it to “strain” 
on the right auricle secondary to pulmonar>' disease. HechF^ stated that the 
P wave is always altered in right ventricular hypertrophy, and regarded “P 
pulmonale” as a frequent finding in such cases, but recognized that it may rarely 
occur in normal hearts. Continental authors,®'”"*^ in particular, have regarded 
“P pulmonale” as evidence of "strain” on the right side of the heart. 'J'he 
problem has been restudied recently by several groups,^'’ who have found 
the so-called “P pulmonale” in normal hearts in vertical position with forward 
displacement of the apex and have suggested that its association with pulmonary 
disease ma}^ be a result of alteration in cardiac position from lowering of the 
diaphragm due to emphysema. The variation in amplitude of the P wave in 
Leads aVV, II, and III with change in position of diaphragm is illustrated by 
Fig. 1 . The increased height of the P waves in Leads aVp, 1 1 , and I H with lower- 
ing of the diaphragm may be due to a change of cardiac position which brings the 
auricles into closer approximation to the diaphragm, thereby facilitating trans- 
mission of their potential variations to the left leg. Hecht-^ also described a 
second pattern characterized by broad, split, and sometimes tall P waves under the 
term “P mitralc” and contended that it was secondary to mitral disease and 
never occurred in- normal hearts. Although a broad, notched P ^va^c 0.12 
second or more in duration may be taken as evidence of an auricular lesion, it 
can scarcely be accepted as evidence of right ventricular h\pertroph\ . 
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CRITERIA FOR THE DIAGNOSIS OF RIGHT VENTRICUI.AR HYFERTROPHY 
FROM THE PRECORDIAL LEADS 

A single precordial lead, particularly the customary Lead IV with exploring 
electrode at the apex, is of no value whatever cither in establishing or excluding' 
the presence of right ventricular hypertrophy. Therefore, no attempt will be 
made to review reports describing findings obtained with a single precordial 
lead. Continental authors have made use of two prccordial leads. In one of 
these leads the exploring electrode was applied to the precordium over the left 
ventricle, and in the other it was applied to the chest wall in the neighborhood 
of the right ventricle, the latter point varying from the fourth intercostal space 
at the left sternal border^® to the third rib at the right sternal border.®^ Since 
studies of multiple prccordial leads show great variability in the reference point of 
maximal right ventricular potential variations, a single precordial lead over 
each ventricle will not serve as an adequate basis for an estimate as to the pres- 
ence or absence of ventricular hj'pertrophy. 'I'his is exemplified by the study 
of Langendorf and Katz,^" who concluded that chest Leads CFi, CF-j. and CF5 
' were of less value in the diagnosis of right ventricular hypertrophy than the 
standard limb leads. 

The necessity of employing multiple prccordial leads was early emphasized 
by Wilson and associates, as a result of their experience with direct leads in 
animals and in the exposed human heart. They advocated leads from six points 
on the precordium now accepted as standard reference points. Since the objec-r 
tivc of direct epicardial and semidirect precordial leads is to provide an accurate 
record of the potential variations of the exploring electrode, Wilson minimized 
the influence of the indifferent electrode through the use of the central terminal. 
No attempt will be made to review comparative studies of CR, CL, and CF 
leads because the mere fact that significant differences occur indicates that the 
potential variations of the remote electrode arc sufficiently large to distort the 
recordings from the precordial electrode. 

Wilson and associates'"’^* have noted a tendency toward reversal in the 
normal precordial lead relationships in the presence of right ventricular hyper- 
trophy. In leads from the right side of the precordium, they found (I) that 
the R waves constituted the chief component of the QRS, (2) that a small ante- 
cedent Q waye may be present, (3) that S was cither absent or relativeh" small 
in comparison with R, and (4) that the T wave was characteristicallj’' inverted. 
In leads from the left side of the precordium, R waves were abnormally small, 
S waves were abnormall}'’ large, and T waves were upright. These findings were 
confirmed by Goldberger.®® 

The classical pattern of right ventricular hypertrophy in the precordial leads 
is illustrated by Fig. 6. The diagnosis is readily made in these cases from a 
study of the QRS in Vi, as contrasted with that in Ve- The diagnostic features 
in Vi are the abnormally increased duration and amplitude of the R wave and 
the absence of an S deflection. The time interval from the beginning of the 
R wave to the peak is abnormally prolonged, ranging from 0.03 to 0.04 second in 
the three cases, averaging 0.035 second. The increased duration, together 
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witli the increased amplitude of the ascending limb of the R wave in Vi, reflects 
the abnormal thickness of the right ventricular wall. Close scrutiny of Lead Vi 
of each of the three cases reveals a small Q Avave preceding the R, an abnormal 
finding in this lead.^*^'^" The time interval measured from the onset of ventricular 
activation (that is, from beginning of Q in Vi) to the arrival of the impulse at the 
epicardial surface of the right ventricle beneath Vi (that is, peak of R or onset 
of intrinsicoid deflection) is even more prolonged, indicating an abnormalK^ late 
onset and completion of activation of the anterior wall of the right ventricle, a 
finding characteristic of right ventricular hypertrophy. The abnormally late 
completion of activation of the right ventricle is confirmed by the absence of S 
from Vi, indicating that the anterolateral wall of the right ventricle is one of the 
last portions of the two ventricles to be completely activated instead of one of the 
first, as is normally the case. 



Fig. 6. — Right ventricular hypertrophy. 


While attention is being directed to the duration of the individual components 
of the QRS, it should be noted that the total duration of the.QRS ranges from 
0.08 to 0.10 second, averaging 0.09 second in the three cases. These measure- 
ments are well within normal limits and exclude the presence of complete right 
bundle branch block. When the R Avave in Lead Vi is abnormally prominent, 

*The R wave may be normally absent from A''i, a QS complex constituting the initial and sole de-' 
flection of the QRS under these circumstances. If an R Avave is present in A’’i, it should constitute the 
Initial deflection because the impulse normally reaches and begins to activate the anterior wall of the 
right ventricle very early. An initial Q preceding the B wave of A^i would suggest a slight delay in onset 
of activation of this part of the right A’ontriclo, a not uncommon finding in right ventricular dilatation 
and hypertrophy. 
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but the total duration of the QRS is telow 0.12 second, a careful inspection must 
be made for double peaking and for abnormal slurring of the R wave in Vi, 
resulting from incomplete right bundle branch block, as illustrated in Fig. 10 
and discussed later. It will be noted that the R wave in each of the three cases 
in Fig. 6 shows but one peak and does not exhibit notching or slurring, thus 
excluding incomplete right bundle branch block in these patients. 

The striking contrast between the pattern in V i and tliat in V c has already 
been mentioned as one of the most important features of the electrocardiograms 
in Fig. 6. The R wave in Vg is abnormally small in each of the three cases and 
reaches its peak within the unusually short time interval of 0.02 second. Still 
more significant, however, is the fact that the R wave in Ve of each of the three 
cases is followed by a relatively deep S wave. The attainment of the peak of the 
R wave in Vg earlier than in V i is the reverse of the normal relationship and in- 
dicates that the impulse requires less time to traverse the left than the right 
ventricular wall in these patients. The continuing activation of the right ven- 
tricle results in transmission of negative potentials to the cavity and thence 
through the completely activated outer wall of the left ventricle to the electrode 
in Position V g, accounting for the S wave. 

A progressive decrease in ratio of R to S (or increase in amplitude of S at the 
expense of R) as the electrode is shifted leftward from Position Vj to Vg is typical 
of right ventricular hypertrophy and is illustrated by one patient (Case A of 
Fig. 6)% The relative amplitude of S in reference to R is greater in X’g than in 
any other lead. The fact that the actual amplitude of both the R and S deflec- 
tions is smaller in V e than in V 5 is due to the decrement in potential with increas- 
ing distance from the heart. In another patient (Case B of Fig. 6), the close cor- 
respondence of the R waves of VV and Vs to that of Vi and the insignificance of 
the S waves in all three leads would suggest that the records in these leads are 
dominated by the potential variations of the epicardial surface of the anterior 
wall of the right ventricle. The comparable RS relationship in V 4, V 5, and Vg 
would indicate that the tracings in these leads are dominated by the potential 
variations of the epicardial surface of the left ventricle. A progressive diminu- 
tion in the R/S ratio as the electrode is moved from right to left is also demon- 
strable in the patient (Case B), but not in the patient (Case C). In the latter, 
the tracings obtained at Vo and V3 differ strikingly from that at V 1, but resemble 
closely those obtained at V 5 and V g- Since the potential variations of the epi- 
cardial surface of the left ventricle are largely responsible for the QRS at V 5 
and Vg, they presumably have a dominant effect upon the" records obtained at 
Positions V2 and Va. Thus, the transitional zone between the precordial reference 
points of the potential variations of the right and left ventricle is further to the 
right than usual, lying between Positions Vi and Vn. 

The RS-T junction in Lead Vi of two patients (Cases A and C of Fig. 6 ) 
is practically isoelectric and thus does not reveal the depression sometimes found 
in this lead in the presence of right ventricular hypertrophy. There is a question- 
able depression of the RS-T junction in Lead V i of one patient (Case B), but a 
definite depression in right ventricular Leads Vi and V.^ of this patient. The 
straight downward slope of the RS-T segment in these leads raises the question 
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of digitfl-lis action, but the patient had not been receiving this or allied drugs. 
The convcxly upward bowing of the RS-T segment, best illustrated in Case C, 
and the inversion of the T wave in Lead Vi of all three cases constitute the usual 
findings in semidirect leads over a hypertrophied right ventricle, but cannot be 
attributed to right ventricular hypertrophy unless characteristic changes in the 
QRS complex are also present. Convexly upward bowing of the RS-T segment 
and inversion of the T wave may occur normally in Lead Vi of adults and in 
Leads Vi, Vs, and V3 of children. Furthermore, sharp inversion of the T wave 
in Leads \T, Va, and V3 may occur in adults as a manifestation of acute cor 
pulmonale, pericarditis, and anteroseptal infarction or ischemia. These condi- 
tions are distinguished from right ventricular hypertrophy by the rapid evolution 
of the T-wave abnormalities in serial electrocardiograms and by the absence 
of the abnormalities in the R wave of V 1 and in the R/S ratio in other precordial 
leads described earlier as characteristic of right ventricular hypertrophy. The 
upright T wave in Lead V e of all three cases is the typical finding in this lead. 

Attention has already been drawn to the close resemblance of the tracings 
obtained at Vi in each of the three cases in Fig. 6 and the almost identical pattern 
in Ve- The patient in Case A was a 15-year-old boy, who had typical clinical 
and roentgen findings of right ventricular hypertrophy due to patent inter- 
auricular septum. The patient in Case B was a young woman, who gave a his- 
torj’’ of recurrent rheumatic fever and had classical physical signs of mitral stenosis. 
The patient in Case C was a middle-aged man with chronic cor pulmonale due to 
pulmonary fibrosis and obstructive emphysema. Thus, right ventricular hyper- 
trophy from diflferent causes tends to give rise to a similar electrocardiographic 
pattern. 

The development of the classical electrocardiographic pattern with gradually 
increasing right ventricular hypertrophy is illustrated by Fig. 5, which reproduces 
serial tracings obtained over a period of two and one-half years on a young man 
with mitral stenosis and gradually increasing right ventricular dilatation and 
hypertrophy. The early tracings reveal sinus rhythm, subsequently replaced 
by auricular flutter and then b}^ auricular fibrillation. During the course of the 
year following the record of Feb. 5, 1944, the S wave disappeared from Vi and 
appeared in Vc, so that the electrocardiogram of March 17, 1945, was diagnostic 
of right ventricular hypertrophy in the prominence of R in V 1, and absence of S 
from this lead, coupled with its relatively great amplitude in leads farther to 
the left. 

The amplitude of the Q, R, and S deflections in V], V2, Va, Ve, and uVr 
and the time interval from onset of QRS to (1) nadir of Q, (2) peak of R, (3) nadir 
of S, and (4) end of QRS were measured* in ten additional cases of typical right 
ventricular hypertrophy. Three of these had tetralogy of Fallot, two had cor 
pulmonale, and five had mitral stenosis. The minimal, maximal, and average 
values for each measurement are recorded in Table I. Comparison of the find- 
ings in these ten cases with corresponding measurements in normal persons^^’'^^ 

*At least three representative complexes were measured in each lead according to the method 
previously described.-'t The Cambridge measuring device was loaned to us througla the kindness of 
Dr. Frank N. Wilson. 
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reveals the following deviations from the normal: (1) the presence of a Q 
preceding the R of Vi or Vsr in the majority of the cases; (2) reversal in the ratio 
of the amplitudes of the R and S waves in Vi and V e, characterized by an abnor- 
mally large R in proportion to S in Vi, a diminution in ratio in leads farther to 
the left, and a prominent S in Ve; and (3) time inters'^al from onset of QRS to 
peak of R that is abnormally long in Vi and greater than in V r,. The findings in 
V 1 and \- G need not be as striking as in the cases represented in Table 1 or in 
those illustrated in Fig. 6 to suffice for a diagnosis of right ventricular hypertrophv. 
This will be illustrated and discussed more fully in an analysis of the cases where 
preponderant hypertrophy of the right ventricle w-as established at autopsy. 

In commenting upon Case C of Fig. 6, it w^as pointed out that the classical 
QRS pattern of right ventricular hypertrophy appeared in V i, but not in Vo 
or Vg. The diagnosis might have been missed in this case if Vi had not been 
obtained, although the similarity of the RS complex in VT through Ve should 
prompt one to obtain leads from precordial points farther to the right and left. 
In some cases of right ventricular hypertrophy the diagnostic right ventricular 
QRS pattern may not appear in either V i or V o. Goldberger^^ has advocated an 
additional lead taken from the right upper abdomen wdth the exploring electrode 
at the point wdierc the right midclavicular line intersects the low'er costal margin. 
We have not made use of this lead because of the possibility that the potential 
variations of the posterior inferior surface of the left ventricle might be trans- 
mitted through the diaphragm to this region. Wilson and associates have 
utilized Lead Vr in the diagnosis of right ventricular lesions. We have obtained 
more help from Lead-VgR, in Avhich the exploring electrode is placed on the right 
chest at a point corresponding to the Cg position on the left. 

The value of Lead Vsr in the diagnosis of right ventricular hypertrophy is 
exemplied by Fig. 7. The relatively small R and deep S in V e of Cases A and B 
aroused the suspicion of right ventricular hypertrophy, but Avere insufficient for 
a diagnosis. The pattern in V i and Vo of Case A w'^as suggestive but not diag- 
nostic of right ventricular hypertrophy, Avhereas that in corresponding leads of 
Case B W'as wdthin normal limits. In Case C there w'as nothing in either the 
standard leads or in precordial Leads Vi through Ve to arouse the suspicion of 
right ventricular hypertrophy. However, a diagnosis of right ventricular hyper- 
, trophy could readily be made from the QRS-T pattern in Lead Vsr of all three 
cases.* The most important feature of Lead Vsr is the prominent R w'ave, 
Avhich is abnormal in amplitude and duration both in comparison wdth the S w^ave 
of the same lead and w'ith the R w^ave in leads farther to the left. The sharply 
inverted T Avaves associated with the abnormal R in Lead Vsr offered further 
support to the diagnosis. In one patient (Case A of Fig. 7) there A\^ere typical 
physical signs of mitral stenosis, AA^hereas in the patient in Case B there AA^as 
clinical and roentgen evidence of right ventricular hypertrophy due to chronic 
pulmonary fibrosis. The patient in Case C came to autopsy, and right ventric- 
ular hypertrophy due to chronic pulmonary fibrosis and obstructiA^e emphysema 

’*'Sinco cases arc encountered sufficiently often where an additional exploring lead on the right 
chest is desirable, we are now taking Lead Vsr along with Lead Vi through Yg as a routine. 




The v.'ilue of Lead Via lii iht* dlaKiinsIs of rlKht. vi'turli'ular hyiH'firoi'hy 
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was demonstrated. It is entered in Table II as Case 17. Passing mention might 
be made of the broad, notched P waves in Leads I and II of Case A. These are 
consistent witli the pattern of "P mitrale” and are presumably the result of an 
auricular lesion secondary to the mitral stenosis. The tall, sharply pointed P 
waves in Leads II, III, and aVp of Case B are consistent with the so-called “P 
pulmonale,” but are probablj^ the result of low diaphragms. 

In the interpretation of multiple precordial leads, due consideration must be 
given to the location of the transitional zone between the two ventricles and 
to the possibilit}’ tliat unusual RS relationships may be the result of alteration 
in cardiac position with shift in the precordial reference points of tlie potential 
variations of tlie two ventricles. This is illustrated by the cases in Figs 8 and 9. 



Fig. 8. — Displacement of transitional zone to the right. 



pjg_ 9 _ — Displacement of transitional zone to the left. 


A study of Leads Vi and \T of both cases in Fig. 8 reveals that the R wave 
is relatively tall in comparison with the S. The peak of the R Avave is attained 
slightly later than is customary in these leads under normal conditions. If 
exclusive consideration Avere given to these points AAuthout due regard to the 
findings in other precordial leads, an erroneous diagnosis of right ventricular 
hypertrophy might be made. The fact that the RS-T segments in Leads Vi 
and Vo are normal in contour and that the T Avaves are upright is, in itself, a strong 
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With Right Ventriculau Hypeutrophy Proved at Autopsy 
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point against the presence of right ventricular hypertrophy. More important, 
however, is the observation that the contour of the QRS in Vj and V2 of each case 
is much like that in Vs, Vj, Vr„ and Vc- The S wave gradually diminishes 
as the electrode is moved from Position Vs to Vs and disappears at Position Vo 
of both cases. The general resemblance of the tracings in Leads Vi and Vs 
to those from points farther to the left would suggest that the potential variations 
of the cpicardial surface of the left ventricle are plajdng the dominant role in 
the recordings from Positions Vi and Vs as well as in those from Positions Vj 
through V f.. I'his may occur with forward displacement of the apex, bringing the 
left ventricle into closer approximation with the anterior chest wall. Further 
indirect evidence is afforded by the contour of the P wave in Leads Vi and Vs 
when sinus rhythm is present. The upright P wa%'c with gradually sloping 
limbs in Leads V 1 and V 2 of Case B represents the typical contour obtained when 
the exploring electrode is over the ventricle and at a distance from the right 
atrium. In order to insure adequate coverage of the right ventricle in the 
multiple precordial leads, it is desirable to have at least one lead to the right of 
the tricuspid valve. This lead should show cither a diphasic P wave containing 
a sharp intrinsicoid downstrokc, indicating that the electrode is over the right 
atrium, or an inverted P wave, indicating that the electrode is beyond the right 
border of the heart. In such a lead, and in at least the adjacent lead to the left, 
the initial upstroke of the QR.S should represent a positive potential coming from 
the right ventricle. Lead Vsr was obtained in Case B and was entirely normal 
for leads over the right ventricle, displaying a diphasic P, a minute R, and deep S. 
Thus, the tracing at V 1 in this case represents an intennediate complex, the poten- 
tial variations of the right ventricle being referred to the right of the sternum, 
and those of the left ventricle, to the entire precordium. The patient in Case A 
of Fig. 8 died before additional leads could be obtained. Autopsy revealed a 
normal heart, thereby excluding right ventricular hypertrophy as a cause of the 
pattern in Vi and V 2 and lending support to the supposition that the transitional 
zone was displaced to the right of the sternum. 

Fig. 9 is a reproduction of an electrocardiogram obtained in a woman who 
had no physical or roentgen evidence of a cardiac lesion. If attention is centered 
on Leads V 5 and V g, a small R, a relatively deep S, and an upright T wave will 
be found similar to the pattern obtained in these leads in cases of right ventricular 
hypertrophy. However, there was no supportive evidence in Leads Vi, Vs, 
or in supplementary^ Leads Ve and V gr. The situation is clarified by an examina- 
tion of Leads V7 and Vs, Avhich show a normal left ventricular pattern ordinarily 
found in Leads V 5 and Vc- The heart had apparently been rotated so that the 
apex was displaced backward, the potential variations from the right auricle and 
ventricle dominating the I'ecords obtained from the customary points e.xplored 
on the anterior chest wall. The transitional zone in this case had been displaced 
far to the left and posteriorly, the potential variations of tlie right ventricle 
having the dominant influence on the recordings in V5 and Vo and those of the 
left ventricle being reflected in V7 and Vg. The cases illustrated in Figs. 8 and 9 
emphasize the necessity of considering the overall pattern in the interpretation 
of the precordial leads. 
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Tlic piGcoiclia.1 leads of Cases 24, 25, and 26 depicted in Fig. 10 resemble those 
of Fig. 6 insofar as the relative amplitude of R and S and the direction of the 
T waves arc concerned. A close inspection of the QRS of Lead Vi of the first 
three cases in Fig. 10 reveals a small initial upright deflection, quickly giving way 
to a downward movement, which reaches the isoelectric line in Case 24 and crosses 






pjg. 10. Autopsy proved cases of right ventricular hypertrophy e.xhibiting defective 

conduction in right ventricle. 


it in Cases 25 and 26. This is followed by a very tall R' wave, the peak of which 
apparently marks the arrival of the impulse at the epicardial surface of the anterior 
wall of the right ventricle, as judged by the precipitous downstroke, representing 
the intrinsicoid deflection. The time interval from the onset of the QRS to the 
peak of the R' wave ranges from 0.058 to 0.073 second, averaging 0.064 second. 
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The contour resembles right bundle branch block in the double peaking of the R 
wave of Vi and in the relatively broad S wave of Vc. Since the total duration 
of the QRS is 0.10 second or less in each case, the conduction defect consists in an 
incomplete rather than a complete right bundle branch block. The initial upward 
deflection in Vi is presumably derived from septal activation by impulses passing 
from left to right, and the R' wave from activation of the outer wall of the right 
ventricle. The late completion of right ventricular activation, indicated by the 
late origin of the intrinsicoid deflection in V i. is further confirmed by the absence 
of an S in Vi in Cases 24 and 26 and by the rudimentary’ S wave in Case 25. 

The patients in Cases 24, 25, and 26 came to autopsy and the presence of 
preponderant hypertrophy of the right ventricle was established in each. Apart 
from the right ventricular hypertrophy, no significant myocai’dial lesion was 
discovered; therefore, the pattern of incomplete right bundle branch block was 
attributed to the right ventricular hypertrophy. An incomplete right bundle 
branch block, however, is not pathognomonic of right ventricular hypertrophy, 
since it may appear as a transient phenomenon in acute right ventricular dilata- 
tion due to pulmonaty embolism, in acute myocardial infarction or ischemia, 
and occasionally in other conditions. The general resemblance of the Vj pattern 
of the first three cases in Fig. 10 is noteworthy. Post-mortem examination in 
one patient (Case 24) showed a typical tetralogy of Fallot. The patient in this 
case was a 55-year-old woman, who showed no clubbing and had cyanosis only 
as a terminal event associated with right heart failure. Post-mortem examina- 
tion in one patient (Case 25) showed chronic cor pulmonale due to obstructive 
emphysema, and autopsy in the patient in Case 26 revealed a markt'd mitral 
stenosis. Thus, the electrocardiographic pattern of incomplete right bundle 
branch block, associated with right ventricular hypertrophy, is more or less stereo- 
typed, irrespective of the cause of the right ventricular hypertrophy. 

Cases 42 and 43 are included in Fig. 10 for contrast purposes. Case 42 
deserves special comment because of the presence of an RSR' complex in V hr 
and Vi, but not in Vo. The initial R and S waves were constant, measuring 3 mm. 
and 10 mm., respectively; but the R' deflection ranged from 0 to 3 mm., the varia- 
tions apparently being associated with the respiratory cycle. Since the stand- 
ardization curve showed no overshooting, the R' could not be considered an arte- 
fact. The R' deflection in Vjr and Viwas synchronous with the R component 
of a QR complex in Lead aVR, as indicated by simultaneous attainment of the 
peak 0.068 second after the onset of the QRS. In the interpretation of this 
electrocardiogram prior to death, the late R wave in rVr was attributed to activa- 
tion of the posterobasal aspect of the left ventricle and the synchronous R^ 
deflections in Vsr and Vi were thought to be of similar origin. In view of the 
dernonstration of right ventricular hypertrophy at autopsy, it is possible, though 
unlikely, that the late upright deflections in uVr, Vsr, and Vi were of right rather 
than of left ventricular origin and that incomplete right bundle branch block was 
present. The source of the small late R wave, which is occasionally found in V3R 
and Vi after a large downward deflection, needs further elucidation and Avill be 
t e subject of a future report. A case of a patient having left ventricular hyper- 
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trophy was recently encountered with a small late R wave in aV^, Vsr, but not 
in Vi or V^, or in leads over the conus pulmonalis. This late R appeared to be 
synchronous with the terminal upright deflection in esophageal leads at the auric- 
ular level and was recorded in diminishing magnitude along a pathway extending 
from the midline of the back across the right scapula to the right arm and along 
a pathway running up the back over the edge of the trapezius and down the 
anterior chest wall to tlie V3R position. 

The electrocardiogram of Case 43 resembles tliose of Cases 24, 25, and 26, 
in the presence of a tall slurred or notched R wave with little or no S in Lead 
Vi and in the presence of a prominent slurred S wave in Lead Vo- However, 
Case 43 differs significantly from Cases 24, 25, and 26 in the direction of the initial 
deflection of the QRS in leads from the right side of the precordium. The 
initial deflection in Leads Vsr, Vi, Vs, and V3 of Case 43 is a Q wave, whereas 
that in Cases 24, 25, and 26 is a small but definite R wave. The Q wave regis- 
tered in all leads over the right ventricle of Case 43 reflects an initial negativity 
of the right ventricular cavity and delayed onset of activation of the outer wall 
of the right ventricle. The initial negativity of the right ventricular cavity 
excludes right bundle branch block in this case. The notching or slurring of the 
R wave in V'sr, Vi, V s, and V3 is probably due to a defect in conduction through 
the hypertrophied outer wall of the right ventricle. The electrocardiographic 
diagnosis of marked right ventricular hypertrophy in this case was confirmed at 
autopsy and was secondary to advanced mitral stenosis. 

CRITERIA FOR THE DIAGNOSIS OF RIGHT VENTRICULAR HYPERTROPHY 
FROM THE “UNIPOL.Ml” LIMB LEADS 

The construction of the central terminal enabled Wilson and associates to 
introduce a new type of limb lead, in which the positive terminal* of the galvan- 
ometer was connected to one extremity through the exploring electrode and the 
negative terminal was connected with all three limbs through the central terminal. 
Three such leads were taken and labeled in accordance with the point of applica- 
tion of the exploring electrode; Vr when the latter was applied to the right 
arm; Vr, to the left arm; and Vp, to the left leg. Since the potential variations 
of the central terminal are generally close to zero and at the most probably do not 
e.xceed 0.3 rtiv., a tracing so obtained will represent largely, but not quite ex- 
clusively, the potential variations of the extremity to which the exploring electrode 
is attached. Hence, limb leads of this type may be regarded as essentially 
unipolar, in contradistinction to the standard leads which are bipolar in that the 
potential variations of the two extremities connected to the galvanometer have 
An approximately equal, but opposite, effect upon the resultant tracing. 

Wilson and associates-^ noted that the pattern in a given unipolar limb lead 
was similar to that obtained Avhen the exploring electrode Avas applied to the trunk 
at the point of attachment of the respective extremity and often, but not in- 
variably, resembled the pattern obtained in some precordial lead. Wolferth and 

*By positive terminal is meant the galvanometric connection which will yield an upright deflection 
in the electrocardiogram when the potential of the e.xploring electrode is relatively positive. 
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associates^''' further investigated transmission of potential variations from 
precordium to extremities by means of successive records taken as the electrode 
was moved gradually from an extremity to the precordium and succeeded in 
demonstrating a pathway along which the QRS-'I' maintained a fairly constant 
shape, merely decreasing in voltage with increasing distance from the heart. 
The pathway leading into the left arm most commonly came from the C position, 
but sometimes from points higher and more medial. The pathway into the right 
arm most commonly originated from the Ci position. The pattern obtained 
with the exploring electrode on tlie left leg resembled very closely that registered 
from any point on the front or back of the trunk below the level of the umbilicus, 
as well as that obtained when the exploring electrode was placed in the stomach, - 
duodenum, or intestine. This common pattern represented a transmission of 
potential variations referred from the inferior surface of the heart to the diaphragm 
and thence to all parts of the body below. Thus, the potential variations of a 
given extremity are dominated by those of the cpicardial surface which faces 
toward that extremity. 'I'his, in turn, is dependent upon the position of the heart 
in the chest. 

A drawback to the Wilson method of recording extremity potentials is the 
rclativel}' small amplitude of the deflection in some cases. Wilson has o^’ercome 
this by increasing the sensitiviw of the galvanometer, a procedure which is not 
practical for routine adoption. Goldbergcr^" has introduced a simple modifica- 
tion, which consists essentially in the removal of the connection of tlic central 
terminal from the limb to which the exploring electrode is applied. For example, 
in registering the potential variations of tlic right arm, the exploring electrode is 
applied to the right arm and the indifferent electrode to the left arm and left 
leg. The tracings obtained by the Goldberger procedure are identical in contour 
with those obtained by the Wilson technique, provided good electrical contact is 
maintained with each limb,’"'^® but are 50 per cent greater in voltage. The 
Goldberger limb leads are thus equivalent to the Wilson limb leads taken with the 
galvanometer at 1.5 times normal sensitivity. For this reason, Goldberger 
has referred to his leads as the augmented unipolar limb leads, aVR, aV'L, and aVp. 

The potential variations of Lead aVR are dominated by those of the surface 
of the heart which faces toward the right arm. With the heart in its usual oblique 
position, the surface which is directed toward the right arm is made up of the 
atria and great vessels and includes little or none of the epicardial aspect of eitlrer 
ventricle. The portion of the ventricles which faces toward the right arm consists 
largely, if not exclusively, of valvular orifices, ca\aties, and endocardium. This 
is illustrated diagrammatically in Fig. 11, a by a lateral view, depicting the surface 
of the heart visible if one were able to look through the shoulder joint toward 
the heart after removal of intervening structures and atria. Often the heart is 
rotated sufficiently on its transverse and anteroposterior axis so that the portion 
directed toward the right arm includes a small segment of the epicardial surface 
of the posterobasal aspect of the left ventricle, as in Fig. 11,&, or a small segment 
of the lateral or posterior wall of the right ventricle, as in Fig. ll,c. 
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With the heart in its customary oblique position, the major deflection of 
ventricular origin in Lead aVR will be derived from the potential variations of the 
endocardial surface and cavities of the two ventricles and will thus consist of a 
downward QRS and inverted T wave. Goldbcrgcr-'’'-<-='*’'^-’^® has devoted con- 
siderable attention to the contour of the QRS in Lead uVr and has noted that the 
usual pattern, consisting of a downward major deflection, has four variants, 
namely: (1) a monophasic QS complex, (2) a minute R followed by a deep S, 
(3^ a deep Q followed by a late R, and (4) a small R and R' separated by a deep S. 

The QS complex of Lead a\ r is similar to that obtained by inserting an elec- 
trode directly into the left ventricular cavity of dogs.^'* A QS complex is probably 
obtained in Lead aVRof man when the heart is so placed that the portion facing 
toward the right arm consists almost exclusively of the atria and valvular orifices, 
as illustrated in Fig. ll.fl. 

The RS complex of Lead uVr is similar to that obtained by inserting an elec- 
trode directly into the right ventricular cavity of dogs^* or human subjects.'^- 
The minute initial R wave in aVR may be due either to earlier onset of activation 
of the left side of the septum^^ or to greater magnitude of electrical forces developed 
in the left than in the right side of the septum. Either of these alternatives 
might lead to a momentary positive potential in the right ventricular cavity and 
thus account for the intial upward deflection in uVr. Another possible explana- 
tion for this small initial R wave might be rotation of the heart so that a portion 
of the epicardial surface of Uie right ventricle faces toward the right arm, as 
illustrated in Fig. ll,c, and transmits its initially small positive potentials thereto. 

The origin of the QR complex, which occurs as a normal variant in Lead 
rVr, is illustrated in Figs. 11,6 and 12. The heart of the patient shown in Fig. 
11,6 was proven normal at autopsy, whereas that of the patient shown in Fig. 12 
was judged normal by physical and roentgen examination. Turning to Fig. 12, 
the close correspondence of the QR relationships in the esophageal lead at the 
auricular level to those in Lead uYr would suggest that the potential variations 
of the surface of tlte heart adjacent to the esophagus are transmitted to the right 
arm. This is borne out by the demonstration of a similar QR complex in leads 
across the right scapula (that is, at Points M, N, and 0) and by the absence of an 
appreciable R wave in records from the anterior aspect of the right chest, as 
illustrated by the tracings at Points J and K over the third rib. The late R 
wave recorded in esophageal leads opposite the left auricle is probably derived 
from the adjoining posterobasal surface of the left ventricle, which is the last 
portion of the heart to become activated. Rotation of the heart, as illustrated 
in Figs. 11,6 and 12, brings the posterobasal aspect of the left ventricle into a 
position facilitating transmission of its potential variations through the back to 
the right arm, accounting for the QR pattern. 

The RSR' complex found in Lead aVR represents a combination of the second 
and third patterns discussed. 

In right ventricular hypertrophy the heart is often, but by no means always, 
rotated so that a portion of the outer wall of the right ventricle faces toward the 
right arm, as illustrated in Fig. 13. The close resemblance of the QRS in Lead 
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eVr to that in Vi of this case suggests that activation of the outer wall of the right 
ventricle is largely responsible for the R wave in Lead eVr, as well as that in Vi. 
A comparable finding in Lead aVR was obtained in Case A of Fig. 6, the QRS of 
this Iead_corresponding closely to that of Vi. 



Fig. 12. — Origin of the normal late R wave of Lead aVn. 


The pattern of right ventricular hypertrophy, as registered in Lead aVR, 
thus consists of a Q wave larger than that customarily found in Lead V i but small 
in proportion to the succeeding R, characteristically amounting to less than 25 
per cent, but in borderline cases ranging from 25 to 50 per cent, of the associated 
R wave. Lead uVr is often equivocal or normal when classical signs of right 
ventricular hypertrophy are demonstrable in Lead V i, as exemplified by Cases B 
and C of Fig. 6. On the other hand. Lead uVr may exhibit an unusually prom- 
inent and definitely abnormal R wave when normal findings are present in V i 
and \h- This is illustrated by Case 20 in Fig. 14. This case had signs suggestive 
of right ventricular hypertrophy in V and V g, but not in Vi or V 2 . The unusually 
prominent R wave in Lead aVR, coupled with the findings in Ve, led to the elec- 
trocardiographic diagnosis of right ventricular hypertrophy, which was sub- 
sequently confirmed at autopsy. 

If a prominent R wave in Lead aVR could be accepted as prima facie evidence 
of the presence of right ventricular hypertrophy it would make a very helpful 
criterion. Unfortunately, this is not the case.’ Goldberger, who has made ex- 
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tensive studies of the pattern in Load aVR, has not stressed the findings in right 
ventricular hypertrophy, possibly because of his realization that a prominent 
R waA^c may appear in this lead from at least two other causes, namely, (1) 
rotation of a normal or abnormal heart on a transverse axis, so as to carry the 
apex backward, and (2) in the presence of cxtensi\'e myocardial damage. 

Goldberger a Wilson leads in right ventriculaf hyperfro^^ 



Fig. 13. — Goldberger and Wilson leads in right ventricular hypertrophy. 


Rotation of the heart on a transverse axis, so as to carr>'^ the apex backward 
and to the left, will bring the posterobasal aspect of the left ventricle and auricle 
forward and to the right, as illustrated in Figs. 11,6 and 12, and discussed previ- 
ously. Under these circumstances the contour of the QR in Lead aVR tends 
to resemble that in an esophageal lead. The Q wave in esophageal leads is fol- 
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lowed by a relatively small R if the electrode is above the mitral valve, and by a 
relatively large R if below the valve opposite the left ventricle. Similarly, the 
Q wave of aV^ may be followed by a small R if a relatively small segment of the 
posterobasal aspect of the left ventricle faces toward the right arm, and may be 
followed by a large R if a considerable portion is directed toward the right arm. 
This is the probable explanation for the findings in Lead aVR in the cases illus- 



trated in Fig. 4; both of these patients had normal hearts at autopsy. The 
variability of these findings is illustrated by Fig. 15, which reproduces two sets 
of tracings obtained on the same patient on different days. It will be noted that 
in the first tracing Lead aVn is represented by a monophasic downward QS 
complex and in the second tracing by a small Q and a relatively tall R with late 
peak. The precordial electrocardiogram showed definite signs of left ventricular 
hypertrophy, which was confirmed subsequently at autopsy. The right ventricle 
was essentially negative and thus the prominent R wave in Lead aVR of the second 
tracing was presumably derived from the posterobasal surface of the left ventricle, 
as a result of shift in cardiac position. It is noteworthy that in none of the 
three cases were there signs in the precordial leads suggestive of right ventricular 
hypertrophy. Thus, a diagnosis of right ventricular hypertrophy cannot be 
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based upon findings in Lead aV^ alone, in the absence of supportive findings in 
the precordial leads. 

Goldberger and Schwartz'"'! found that when both the initial and main de- 
flections in Lead aVR were represented by an upstroke, extensive myocardial 
damage was invariably present. We have noted such a pattern in Lead uVr, 
particularly in cases with extensive anterolateral myocardial infarction. Under 
these circumstances, the pattern in Lead aVRmay be a reciprocal of that in V5, 

V c, or aVL, as illustrated by Case A of Fig. 16. The diagnosis of extensive infarc- 
tion of the anterior lateral and posterior walls of the left apex was readily made 
from the precordial leads and Lead and was subsequently confirmed at 

autopsy. The presence of a large anterolateral myocardial infarction may 
likewise be detected from an inspection of the precordial leads of Case B of Fig. 16 
and was subsequently confirmed at autopsy performed on this patient. The 
QR complex in Lead aVR of this case resembles more that obtained in esophageal 
leads from the posterobasal aspect of the left ventricle and may be due to reference 
of potential variations from this region to the right arm rather than to the infarct 
itself. A pattern characterized by an R wave as the initial and main deflection 
in Lead uVr cannot be accepted as pathognomonic of extensive myocardial dam- 
age, since this pattern was present in Case 19 of Fig. 14, where subsequent 
autopsy revealed preponderant hypertrophy of the right ventricle, but no other 
myocardial lesion. 

ELECTROCARDIOGRAPHIC FINDINGS IN PATIENTS WITH AUTOPSY DIAGNOSIS 
OF PREPONDERANT HYPERTROPHY OF THE RIGHT VENTRICLE 

An analysis has been made of all patients in whom the six Wilson precordial 
leads were taken during life and a diagnosis of preponderant hypertrophy of the 
right ventricle established at autopsy. The scries comprised a total of fort}^ 
cases. Lead aVn was available in thirty-five of the cases and Lead Vsr in eight. 

In thirty-six of the patients, post-mortem study included injection of the heart 
with radiopaque mass, subsequent roentgenogram, and dissection, as previously 
described.'!^ The heart was sectioned by the method of Schlesinger^® in eighteen 
of the patients and by the method of Stofer and Hiratzka®® in an equal number. 
The causes of the right ventricular hypertrophy were as follows: cor pulmonale, 
twenty-four patients; mitral stenosis, thirteen patients, including one with acute 
right ventricular infarction and one with a stab wound of tlie right ventricle; 
tetralogy of Fallot, two patients; and arteriovenous aneurysm, one patient. 
Hearts with right ventricular hypertrophy, which was secondary to a preponderant - 
hypertrophy of the left ventricle due to such agents as hypertension, were ex- 
cluded from the series. 

The amplitude of the Q, R, S, and R' deflections in Vsr, Vi, V 2, Vs, Ve, 
and aVr and the time interval from onset of QRS to (1) nadir of Q, (2) peak of R, 

(3) nadir of S, (4) peak of R', and (5) end of QRS were measured as previously 
described.'*^ The results are summarized in Table 11. To conserve space, meas- 
urements are recorded in three leads, a representative lead from the right pre- 
cordium (generally Vi, occasionally Vsr or V2), a lead from the left precordium 
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(generally V c. occasionally V 5), and Lead aV^. The amplitude of each deflec- 
tion of the QRS is given in the table, but only the time interv'als from onset of 
QRS to (1) nadir of Q, (2) beginning of intrinsicoid deflection (corresponds to 
peak of R if a single upright component is present or peak of R' if there arc two 
upright deflections), and (3) end of QRS are included. Notation is also made 
of the position of the RS-T junction, contour of the RS-T segment, and direction 
and amplitude of the T wave. 

The tabulated cases arc classified according to electrocardiographic pattern 
into the following six groups: {A) Pattern diagnostic of right ventricular hyper- 
trophy in leads from the right precordium (V 1 or Y2), thirteen cases; {B) diag- 
nostic patterns in V3R, but not in Vi or Y-^, two cases; (C) pattern presumptive 
of right ventricular hypertrophy in Yc and uYr without confirmatory^ signs in 
Yi and Y2, six cases; (Z?) incomplete right bundle branch block, nine cases; 
(jE) complete right bundle branch block, three cases; and {F) precordial leads and 
aYn not diagnostic of right ventricular hypertrophy, se^’cn cases. 

Thirteen cases were classified in Group A because of a pattern in Leads Yi 
through Y c inclusive, which was considered diagnostic of right ventricular hyper- 
trophy on the basis of the following criteria; (1) Reversal in the ratio of the 
amplitudes of the R and S waves in Yi and Yc, characterized by an abnonnally 
large R in proportion to the S in Yj, a diminution in ratio in leads furtlier to the 
left, and a prominent S in Yf.. (2) A small Q wave preceded the R wave of Yi 
or Ys in nine of the thirteen patients, indicating slight delay in onset of activa- 
tion of the outer wall of the right ventricle. (3) Time interval from beginning 
of QRS to onset of intrinsicoid deflection was abnormally long in and greater 
than in Y 5 or Y 0. This interval varied from 0.02 to 0.06 second in Lead Y 1 
and thus usually exceeded, but occasionally overlapped, the normal range of 
0.005 to 0.023 second. The electrocardiograms of the two patients from Group A 
(Numbers 12 and 13), in which this measurement was between 0.02 and 0.025 
second, are reproduced in Fig. 14 to demonstrate that the prccordial leads as a 
whole were diagnostic of right ventricular hypertrophy. (4) Total duration of 
QRS was less than 0.12 second and generally was within normal limits. (5) 
Notching or double peaking of the R wave of Y 1 was absent except in one patient. 
Case 43 (Fig. 10), where bundle branch block could be c.xcluded and a conduction 
defect in the outer wall postulated from the presence of a Q wave followed hy a 
notched R in all leads over the right ventricle. Lead aY^ was obtained on ten 
of thirteen cases in Group A and displayed an abnonnal R four times or more the 
amplitude of the Q wave in t^vo cases and a borderline R two to four times the 
Q wave in three additional cases. Right axis deviation was present in the stand- 
ard leads of all thirteen patients and was accompanied by RS-T depression and 
T inversion in Leads II and III of seven of the patients. 

Two cases were classed in Group B because of a diagnostic pattern in Vsr, 
but not in Yi or Y2. In one of these, Ybr showed definite e^^dence of incomplete 
right bundle branch block, whereas Vi and Vo were equivocal. The electro- 
cardiogram of the other case (Number 17) is die lowermost of Fig. 7. Lead 
Vsr exhibited a small Q, prominent R with delayed peak, and no subsequent 
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S wave, whereas V:, Vt, Vr„ Vc, aVn, and the standard leads showed nothing 
to suggest the right ventricular hypertrophy which was found at autopsy. 

Six cases were classified in Group C because of presumptive evidence of right 
ventricular hypertrophy both in leads from the left axilla and in Lead aVR, 
but not in Vi or Vo. Lead Vsr w'as obtained in one case (Number 23) and w^as 
also negative. In each of these patients the S w'ave w'as abnormally prominent 
in leads ov-er the left ventricle and the R w^as abnormal in aVR in proportion to the 
downward deflection in this lead. The R w'ave constituted the only deflection 
in Lead uVr of one of the patients and w’^as from four to ten times the amplitude 
of the dowmw'ard component in the remainder. These features are exemplified 
by Cases 19 and 20, wfliich are reproduced in Fig. 14. A study of Leads Vi 
and Vi reveals no evidence of right ventricular hypertrophy in Case 20, but 
strongly suggestive, though inconclusive, signs in Case 19. Lead Vsr wmuld 
probabh' have showm definite signs of right ventricular hypertrophy, at least in 
Case 19. The standard leads show'cd right axis deviation in only two of the 
six cases of Group C. An S wav'e constituted the chief deflection of each of the 
tliree standard leads of tw’o cases. The other two patients had left axis deviation 
W’ith an RS complex in all three leads, the R w'av^e exceeding the S in Lead I, 
the S very deep in Leads II and III. 

Incomplete right bundle branch block w^as present in nine patients. The 
electrocardiograms of Cases 24, 25, and 26 are reproduced in Fig. 10 and have 
been discussed in detail. One patient (Case 30), who died of a stab wound 
through the anterior w'all of the right ventricle w^hich damaged the septum and 
who W’as found to have antecedent right v'-entricular hypertrophy from mitral 
stenosis, has been reported elsew'here.®^ The relative amplitudes of the R and S 
deflections in the six precordial leads tvere comparable to those in the electro- 
cardiogram of uncomplicated right ventricular hypertrophy. These cases w'ere 
differentiated from Group A by (1) notching of the ascending limb of the R w^ave 
or double peaking of the upright deflection and absence of Q w^ave in leads over 
the right ventricle, (2) a broader S wave in leads from the left side of the pre- 
cordium, and (3) a longer time interval from onset of QRS to beginning of the 
intrinsicoid deflection of Vi or V 2 . This ranged from 0.043 to 0.073 second 
and thus usually exceeded, but occasionally overlapped, corresponding measure- 
ments in uncomplicated right ventricular hypertrophy. Incomplete right bundle 
branch block w'as distinguished from complete by a QRS duration below^ 0.12 
second in the former (usually 0.09 to 0.11 second) and 0.12 second or above 
in the latter. As previously mentioned, incomplete right bundle branch block 
is not diagnostic of right ventricular hypertrophy since it may occur in acute cor 
pulmonale, myocardial infarction, and occasionally in other conditions. When 
due to any of the latter causes, incomplete right bundle branch block is generally 
transitory: w^hen associated with right ventricular hypertrophy it is usually, 
persistent. 

The w^ell-knowm fact that complete right bundle branch block may be found 
in right ventricular hypertrophy is borne out by the three cases in Group E. 
The time interval from onset of QRS to beginning of the intrinsicoid deflection in 
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leads over the right ventricle exceeded 0.075 second and the total duration 
of the QRS amounted to 0.12 second or more. However^ the finding of complete 
right bundle branch block does not permit a diagnosis of right ventricular hyper- 
trophy, since the majority of cases with this electrocardiographic pattern in our 
autopsy series showed primary and predominant left ventricular lesions. In 
many of the patients the right bundle branch block could be ascribed to infarction 
of the septum: in some it was thought to be secondary to left ventricular failure. 
The electrocardiographic and pathologic features will be discussed in more detail 
in a separate communication. 

The seven cases classified in Group /^represent failures in diagnosis of right 
ventricular hypertrophy from the electrocardiogram, despite the fact that Leads 
Vi through Vc and aVn were available in all instances and Lead Vsn in two cases. 
The total heart weight was within normal limits in two of the patients (323 
grams and 324 grams, respectively), but the presence of relative right ventricular 
hypertrophy, as indicated by a ventricular ratio of 1.2,'’'’' was the reason for in- 
clusion of these patients. The heart weight in one patient (Case 38) was 400 
grams, but the ratio of 1.1 confirmed the presence of right ventricular hypertrophy. 
The failure of the electrocardiogram to reveal definite signs of right ventricular 
hypertrophy in this case may have been due to a complicating recent infarction of 
the subepicardial half of the lateral wall of the left ventricle which was demon- 
strated at autopsy. The electrocardiogram of one patient (Case 42), showing an 
inconstant R' deflection in Vsi^ and Yj, has been reproduced in Fig. 10 and dis- 
cussed in an earlier section of this communication. The total heart weight was be- 
tween 400 and 500 grams in two of the remaining electrocardiographic failures 
and was 613 grams in the last patient. These cases emphasise that a diagnosis 
of right ventricular hypertrophy cannot be excluded in the absence of signs in 
multiple precordial and unipolar limb leads. 

Within the group of cases of right ventricular In-pertrophy, however, there 
did not appear to be any direct correlation between cardiac weight, ventricular 
ratio or thickness of the right ventricular wall, and the electrocardiographic 
pattern. The patient in Case 5 had deep roentgen therapy in 1941 because of 
a tumor of the right mediastinum. The original electrocardiogram and roentgen 
study of the heart were negative. During the next five years extensive post- 
radiation pulmonary fibrosis developed, accompanied by electrocardiographic 
signs of right ventricular hypertrophy, as illustrated in Fig. 17. Although the 
total heart weight was only 284 grams, there was definite evidence of right ven- 
tricular hypertrophy, as shown by the fact that the thickness of the right ven- 
tricular wall and weight of the right ventricular segment equalled that of the left. 
Thus, the electrocardiogram was diagnostic in this case, but not in the patient 
in Case 41, in whom the total heart weight and thickness of the right ventricular 
wall were twice as great. Although there Avas no direct correlation between QRS 
pattern and degree of right ventricular hypertrophy, it should be reiterated that 
the QRS pattern in thirty-three of the forty cases of patients ha\dng right A’en- 
tricular hypertrophy differed specifically from the QRS pattern in patients AA’ith 
normal hearts at autopsy.'*'* 
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patients whose precorclial and unipolar extremity leads 
failed to show signs of right ventricular hypertrophy had right axis deviation in the 
standard limb leads with depressed RS-To and RS-T3 and inverted T. and T3. 
However, this pattern may occur in left ventricular hypertrophy and even in 
normal subjects when the heart is in vertical position, whereas the changes in the 
precordial leads displayed by Groups A and B are diagnostic of right ventricular 
hypertrophy. The confusion which may arise from the standard leads and the 




Fig. 17. — Development of clectrocardiograpluc signs of right ventricular hypertrophy. 


clarification afforded by the multiple precordial leads is illustrated in Fig. 18. 
The standard leads of the four cases were* closely comparable and Lead III was 
almost identical. The differentiation of Cases A and B from Cases C and D 
would be difficult or impossible from the standard leads alone, but is easy from the 
multiple precordial leads. In Cases A and B, the R wave of Lead Vi, though 
small in amplitude, is highly significant because of the late peak and absence of 
S which, together with the diminishing R/S ratio in leads further to the left and 
the deep S in V g, permits a definite diagnosis of right ventricular hypertrophjc 
Chronic cor pulmonale was demonstrated at autopsy in two patients (Cases A 
and B, which are listed in Table II as Cases 7 and 8, respectively). The pattern 
in Vi and Vo in Cases C and D contrasts sharply with that in Cases A and B 
and strongly suggests the presence of left ventricular hypertrophy. Isolated left 
ventricular hypertrophy, of hypertensive origin was found at autopsy in two 
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patients (Cases C and D). In Case C autopsy also disclosed an organizing infarct 
confined to the subendocardial layer of the basilar half of the posteroseptal wall 
of the left ventricle. This infarct was completely missed in the ante-mortem 
interpretation, - and was probably not responsible for the electrocardiographic 
pattern since tracings taken on a former admission, before the advent of the 
infarct, were similar to that in the illustration. This Case will be discussed in 
more detail in a subsequent paper on posterior infarction. 

SUMMARY 

1. The electrocardiographic criteria for the diagnosis of right ventricular 
hypertrophy have been evaluated and elaborated upon through a critical review 
of the literature and a study of our clinical and autopsy material. 

A detailed description is given of the findings in the standard limb leads, 
the Wilson precordial leads, and the Goldberger unipolar extremity leads. 

2. An analysis is presented of all of our cases of patients in whom Leads 
Vi through V g, inclusive, and the standard limb leads were obtained during life 
and a diagnosis of preponderant hypertrophy of the right ventricle was established 
at autopsy. The series comprised a total of forty cases. The augmented uni- 
polar limb leads were available in thirty-five of the cases and Lead Vsr in eight. 
The amplitude of each deflection of the QRS in VaR, Vi, Ya, Vs, Vg and aVR 
was measured and the time interval from the onset of QRS to (1) the nadir of Q, 
(2) peak of R, (3) nadir of S, (4) peak of R', and (5) end of QRS was determined 
in each of these leads with the aid of a Cambridge measuring device. In thirty- 
six of the patients post-mortem study included injection of the heart with a 
radiopaque mass, subsequent roentgenogram, and careful dissection. 

3. The forty cases of patients proven to have preponderant right ventricular 
hypertrophy at autopsy were classified according to electrocardiographic- pattern 
into the following six groups; 

(A) Pattern in Leads V i through Y c, inclusive, was considered diagnostic 
of right ventricular hypertrophy in thirteen cases on the basis of the following 
criteria: (1) reversal in the ratio of the amplitudes of the R and S waves in 
Vi and Vg characterized by an abnormally large R in proportion to S in Vi, 
a diminution in ratio in leads further to the left, and a prominent S in Vg; (2) time 
interval from beginning of QRS to onset of intrinsicoid deflection that was abnor- 
mally long in Vi (generally between 0.03 and 0.05 second) and greater than in Vg 
or Vg; (3) tendency to a small Q wave in Vi; (4) tendency to inversion of the T 
wave in Vi and to upright T wave in Vg: (5) total duration of QRS less than 
0.12 second and generally within the normal range; (6) absence of notching or 
double peaking of the R wave of Vi, except in one case where bundle branch block 
could be excluded and a conduction defect in the outer wall of the right ventricle 
postulated from the presence of a Q wave followed by_ a notched R in all leads 
from the right side of the precotdium. The electrocardiographic findings were 
similar, irrespective of the cause of the right ventricular hypertrophy. 

(B) Pattern typical of right ventricular hypertrophy was present in Lead 
VgR, but not in Vi or Vs in one patient, and signs of incomplete right bundle 
branch block were distinctive in VgR, but not in Vi or Vs of another patient. 
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(C) Pattern presumptive of right ventricular hypertrophy was present 
in Lead Vs and uVr in six patients without confirmatory signs in Vi or Vs. This 
pattern consisted of an abnormally large S wave in V 6 together with an abnor- 
mally tall R in aVR, which was four to ten times the amplitude of the downward 
deflection in the same lead. If additional leads had been taken over the right 
precordium, it is probable that the diagnosis of right ventricular hypertrophy 
could have been definitely established in some of these cases. 

(D) Incomplete right bundle branch block was present in nine patients, 
the diagnosis being established by the following criteria: (1) in leads from the 
right side of the precordium, the R wave was prominent and exhibited either 
a course notch or double peak and S wave was small or absent, whereas, in leads 
further to the left, S wave was deeper and broader; (2) time interval from begin- 
ning of QRS to onset of intrinsicoid defiection in V j that was generally between 
0.05 and 0.075 second and exceeded that in uncomplicated right ventricular 
hypertrophy; (3) total duration of QRS that was less than 0.12 second and usually 
between 0.09 and 0.11 second; (4) absence of Q wave in leads from the right side 
of the precordium. The electrocardiographic pattern of incomplete right bundle 
branch block was more or less stereotyped, irrespective of the capse of the right 
ventricular hypertrophy. 

(E) Complete right bundle branch block was present in three cases,^ as 
indicated by the following criteria; (1) in leads from the right side of the pre- 
cordium the R wave was prominent and either coarsely notched or double peaked, 
Q was absent, and S was small or absent; (2) total duration of QRS was 0.12 
second or longer. Neither complete nor incomplete right bundle branch block 
are pathognomonic of right ventricular hypertrophy. 

(F) Pattern in the precordial and unipolar extremity leads was not diag- 
nostic of either hypertrophy or a conduction defect in the right ventricle in seven 
cases. One of these patients, who had an R' deflection in Vsr and V i which was 
thought to have been derived from the posterobasal surface of the left ventricle, 
is discussed in detail. 

4. The presence of right axis deviation in the standard leads accompanied 
by depression of RS-T2 and RS-T 3 and inversion of T2 and T 3 is not diagnostic 
of right ventricular hypertrophy, as shown by previous workers and confirmed 
by our autopsy material. This pattern may occur in left ventricular hyper- 
trophy and even in normal subjects when the heart is in vertical position. 

We are greatly indebted to Dr. Frank N. Wilson for helpful advice and criticism. 

We W’sn to express our appreciation of the work of Miss Evelyn Erickson, Miss Geraldine 
L-hesney, Miss Josephine McDonald, and Mr. Clayton Oliver in preparing the illustrations. 
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TONOSCILLOGRAPHY AFTER EXERCISE IN PERIPHERAL 
VASCULAR DISEASE AND COARCTATION 
OF THE AORTA 

B. Ejrup/M.D. 

Stockholm, Sweden 

XERCISE-TONOSCILLOGRAPHIC studies have been carried out in normal 
•^subjects, in patients with peripheral circulatory disturbances, and in patients 
with coarctation of the aorta. The peripheral circulatory disturbances were 
divided into three groups: (1) demonstrable organic arterial circulatory dis- 
turbances; (2) intermittent claudication; and (3) miscellaneous types. 

Exercise tests were accompanied b 5 ^ an increase of blood pressure and larger 
pulsations in all normal subjects. In all cases with demonstrable arterial cir- 
culator^^ disturbances, however, an inverse reaction with decrease of blood pres- 
ure and weaker pulsations was obtained. The inverse oscillographic reaction 
was, on the whole, found in all cases of intermittent claudication. The other 
peripheral disturbances showed normal work tests. 

On the basis of our experience with exercise tonoscillography,^'’'^^ jg 

believed to be valuable in the early diagnosis of organic obliterating processes in 
the large vessels of the extremities, and may be useful for the differential diag- 
nosis of these states and those due to functional conditions. 

Repeated oscillograms with the patient at rest veiy often exhibit consider- 
able variation. Oscillography after exercise, however, gives more consistent 
records which are easy to reproduce. Work-tonoscillography is an attempt to 
eliminate the uncertainty of oscillographic measurements at rest. 

In order to obtain a graphic record of a work experiment by means of oscil- 
lography, an automatic blood pressure recorder has been constructed.* Ap- 
paratus of exactly the same type has not been previously described, although 
automatic blood pressure recorders of different construction and type are de- 
scribed in papers by Bergman, Eldblom,^'* Stokvis,"® Weiss, and others. 

Relatively little attention has been given to oscillography after exercise. 
Cornil and Parisot' have referred to it. Andre-Thomas and Levy-Valensi^ have 
studied oscillometry after exercise and found that the pulsations become weaker 
or even disappeared in patients with intermittent claudication. Ipsen^® stated 

• From the Second Department of Medicine. SSdersjukhuset, Stockholm, Svreden. 

This investigation was aided hy a grant from the Therese and Johan Andersson Memorial Foun- 
dation. 

Received for publication Nov. 20, 1940. . 

*This apparatus was demonstrated at the Society of Internal Medicine in 1943. 
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that after making a patient perform an exercise test he could not feel the dorsalis 
pedis pulse, but the pulsation returned after a minute or two. In 1941, Leary 
and Allen ,-i using oscillography after exercise, registered diminished pulsations 
in two cases. These results they thought to be due to arterial spasm. In three 
other cases, however, Leary, using an oscillometer, obtained either increased or 
unchanged pulsations. In the German and Anglo-American literature I ha\e 
been unable, as yet, to find any reports of experiments carried out with oscillo- 
graphy after exercise. Following my first publication in 1944, Lindq\fist-- pub- 
lished a paper in which he reported observations on cscillometry after e.xercise. 
His work involved a study of seven cases. 

APPARATUS 

The oscillographic records in this study were made with an automatic, 
graphic-recording blood pressure manometer. The apparatus is constructed so 
that the oscillograms are placed in a vertical position, side by side, in such a way 
that several oscillograms can be recorded on the same graph (I'ig. 1). 



Fig. 1. — Photograph of automatic graphic-recording blood pressure manometer. The arrange- 
ment of the paper and recorder is such that oscillograms arc recorded vertically. .Several oscillograms 
can be recorded on same graph. 


The apparatus consists essentially of two S 3 '’stems working independentlv 
of each other (Fig. 2). The one s^^stem consists of a cuff (the upper or pressure 
cuff), a manometer, and an ox^^gen tank connected with each other by rubber 
tubes which pass through an automatic valve. The cuff is filled slowly from the 
gas tank and the filling is recorded by the manometer which, by means of a 
lever, inscribes the cuff pressure in direct proportion. The paper on which the 
lever writes has horizontal lines at pressure levels in the pressure cuff of 50 mm., 
100 mm., 150 mm., and so forth- 

« 

The other system consists of a second cuff (the lower or pplse cuff), a gas 
tan , a piezoelectric crj^stal, an amplifier, an electromagnet, and a movable 
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writing pen attached to the lever mentioned previously. By means of valves, 
this cuff is filled and emptied at exact intervals. The small pressure variations 
produced in the lower cuff by the arterial pulsations are transformed into elec- 
tric potential variations by a piezoelectric crystal and are greatly amplified. 



Fig. 2. — Drawing showing the connection of the two independent systems, the pulse cuff and the pressure 
' cuff, to the amplifier and to the recorder. See text. 
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The registration is automatic and at each half-minute a neu oscillograrii is 
started. Each recording takes about twenty seconds. After a few seconds’ 
pause, the next record begins. During the pause the cuffs are completely emp- 
tied so that no venous congestion can take place (Fig. 3 ). 




Fig. 3. — Two typical curves: A, from a normal case, anil 13. from a case nlth 
organic vascular cliangcs. 


In most instances, the two-cuff system was utilized, but occasionally a 
one-cuff system was used. The reading of the systolic and the diastolic pressure 
levels differs in the two systems. In the two-cuff system where, for example, 
one cuff is applied to the calf and the other to the ankle, the pressure increases 
continuously in the higher cuff (the pressure cuff) during the recording, whereas 
the lower cuff is immediately’^ filled to a certain pressure, for e.xample 50 mm., 
and is kept constantly at that pressure. The arterial pulsations that pass through 
the proximal pressure cuff are recorded by the lower cuff. It is clear that above 
a certain pressure in the upper cuff no more pulsations reach the lower cuff, and 
no further deflections are obtained from the recording lever by continued in- 
flation of the upper cuff. The advantage of this system is that the curves are 
more regular and more clearly defined, and that the systolic blood pressure can 
be more accurately determined. 
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At the start of the recording, when the lower cuff has been filled to 50 mm., 
the pen records the pulsations at right angles to the movement of the axis of 
the lever. Above systolic pressure the record of pulsation ceases but the lever 
continues to rise, writing only in a straight line. The registration takes place 
during inflation of the compressing cuff and the systolic blood pressure is the 
level at which the pen stops its oscillations. 

Change in configuration of the oscillographic pulse indicates the diastolic 
pressure. After having been similar for each cycle, the pulse curve begins to 
change its form. The position of the dicrotic notch is shifted. The initial pulse 
impact against the recording cuff becomes sharper, as indicated by steeper 
peaks. As a rule the pulse curve becomes narrower. Usually there is no dififi- 
culty in determining the diastolic blood pressure level, but in some cases, es- 
pecially^ the pathologic ones with slow rising pulsations and low blood pres- 
sure, the same difficulties are encountered as in the auscultatory method. The 
transition becomes less clearly defined. In such cases the examination is made 
with the one-cuff system which shows the diastolic pressure more distinctly, al- 
though the systolic level becomes less definite. 

THE METHOD 

The patient is placed in a recumbent posture. All clothes that could cause 
pressure on the extremities are removed. The patient usually lies with the upper 
part of the body uncovered so that the proximal cuff can be applied to the arms 
as high as the armpits. Shoes, stockings, and trousers are removed. The room 
temperature is kept constant at about 20° C. All temperature variations are 
recorded. 

The cuffs are applied to the upper or lower legs, depending on which are to 
be examined. In most of the cases the oscillograms are recorded from both the 
arms and legs for comparison. The cuffs are always applied in the same way 
and at the same level on the extremities. A standard cuff with a special fasten- 
ing arrangement is used. The fastening process consists of metal pins arranged 
like steps. The particular hook by which the cuff is fastened is recorded. The 
circumference of the limb is recorded in centimeters at the level where the cuffs 
are placed. ■ The cuffs are rather snugly applied. Each hook corresponds to a 
difference of 0.5 cm. in circumference. 

When examining the upper limbs the proximal cuff is applied close to the 
armpit and the distal cuff over the antecubital fossa or the wrist. The proximal 
cuff, for the legs is applied at the narrow section between the knee and the calf. 
The distal cuff is placed immediately over the malleoli with its lower edge at the 
level of the internal melleolus. The center part of the cuff is, therefore, at the nar- 
rowest part of the leg. The cuffs can also be applied to the thigh and calf, in 
which case the proximal cuff is placed immediately above the knee, and the 
distal cuff, just underneath the knee. 

When the one-cuff system is used, the cuff is applied to the small of the leg 
between the calf and knee, to the thigh above the knee, and higher up on the 
thigh in order to determine the level of the obstruction. 
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The patient first lies for twenty minutes in a horizontal position and his 
blood pressure is determined by oscillograph and auscultation. The oscillo- 
graphic as well as the auscultatory values are recorded and the exercise test does 
not begin until the basal values are reached. 

After a sufficient number of rest oscillograms have been made in horizontal 
position, the patient performs some e.xercise which usually consists of running 
some rounds in a circular staircase as described by Nylin.^' The exercise has 
three degrees of severity: (1) five rounds at 88 steps a minute (5/88) which is 
recorded as light work; (2) five rounds at 160 steps a minute (5/160), moderate 
work; and (3) ten rounds at 208 steps a minute (10/208), heavy work. These 
three procedures are used in Nylin’s cardiopulmonary function tests and have 
been found most practical. The rate of the different tests is determined by means 
of a metronome. In some cases tests were made using ten rounds at 160 steps 
a minute (10/160), that is, in cases where the patient had difficulty in making 
208 steps a minute but could very well make 160 steps. This amount of work is 
considerably less than 10/208 and the rate of 10/160 has, therefore, even been 
used in cases with coarctation of the aorta so that comparisons can be made as 
early as possible after the Crafoord operation.^'®*’'*'^ I have not been inclined 
to use the most strenuous test until one year after this operation. 

For comparison, the ergometer bicycle has been tried, the work being 
measured, however, in kilograms per minute. No difference in reaction has 
been observed; an inverse reaction was obtained after work on the bicycle in those 
cases that gave inverse reaction after exercise on the stair, and a normal reaction 
was obtained after work on the bicycle in those cases in which a normal reaction 
had been obtained after work on the stair. The bicycle has the advantages of 
recording the oscillogram during work, of using an extremity which is not re- 
quired in the work test, and of taking up less space than the stair. 

When the exercise has been completed the patient immediately resumes a 
horizontal position. The cuffs are applied in exactlj’" the same wa}"^ and fastened 
to the same hook as before the exercise. This procedure generally requires 
fifteen to twenty seconds. For uniformity, the recording of the initial oscillogram 
must be started exactly thirty seconds after the work has stopped. Thereafter, 
it is taken every half-minute until the blood pressure and the pulsations return 
to their prework values. The duration and type of the so-called recovery phase 
is examined and the magnitude of the oscillations before and after exercise is com- 
pared. The duration of the recovery phase is recorded in half-minutes. Here- 
with, one distinguishes between the restored blood pressure and the restored 
pulsations. 


Any symptoms occurring during and after exercise are recorded, as well as th 
time of appearance of any pain in the calves. Peculiarities, such as limping 
breathlessness, precordial pain, cardiac palpitation, and hysteriform reaction 
are also recorded. 

Concurrently with the oscillographic recording after exercise, ausculator; 

00 pressure measurements are made on the other extremiti' or on the uppe 
imbs and noted above the corresponding oscillogram of the^ registered curvi 
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As far as possible all cases are subjected to a study of their central 
circulation by means of ph^^sical examination, electrocardiogram, hypoxemia 
test, and x-ray examination \Yith determination of the heart volume. In special 
cases measurements of the pulse wave velocity are carried out, and with a certain 
number of patients oscillography with optical registration has been used coin- 
cidentally with the mechanically inscribed oscillogram. The optical oscillogram 
was constructed by the use of one or two piezoelectric crystals connected with an 
electrocardiograph^® (Figs. 4 and 5). 

As a rule, the studies are carried out on all fpur extremities, the patient be- 
ing allowed to rest sufficiently long between each work test. When the blood 
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pressure and the pulsations have returned to basal values, the patient is allowed 
to rest an additional half-hour before the next test. There is no difference in 
reaction to work between a test carried out immediately after the postexercise 
period and a test carried out one hour later. 



ncfore work 
Ix’ft ankle 


RIplit ankle 


.After work 
Left ankle. 


Rlckt .ankle 


Fig, S. — Oscillograms before anti after work of a patient with organic obstruction of 
a large artery of the left leg (o])tical registration on the ECG apparatus). 


Before each examination accurate history and physical e.xaminations are 
recorded with special emphasis on the character of the peripheral vascular 
system. 

RESULTS 

Normal Cases. — ^Thirty-six normal cases have been examined. They have 
been divided into three groups; 

Group 1 included ten postmen who were first examined in the morning be- 
fore the day’s work and then immediately after the day’s work. The reason 
why postmen were chosen for study was partly because their lower limbs must 
be regarded as being functional!}’’ ver}”^ efficient ; and partly because this group 
can show whether there are differences in a work-oscillogram taken after a 
night s rest, and in one made immediately after a strenuous day in which much 
walking and climbing of stairs is included. None of the postmen showed any 
difference in the type of oscillograms made before and after the day’s w'ork. On 
both occasions they showed improved pulsations and raised blood pressure. The 
severest e.xercise test (10/208) w’as used in all cases. The first test Avas made 
at 4:30 a.m. after a night’s rest, and the control test, Avhich Avas carried out on 
the same leg and in exactly the same w’ay, Avas made at 12:30 P.M -immediately 
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after the strenuous “second tour” was over. Oscillograms at rest were made on 
both occasions on both legs; the oscillograms did not differ. 

This group thus gave us the following information: (1) The time at which 
the work oscillogram of a normal case is taken is not important; (2) strenuous 
work for the legs done during the day does not seem to change the reaction to 
the work-test; and (3) the response to exercise by postmen does not differ from 
that of other groups- of normal cases, in spite of strenuous work. 

Group 2 was composed of dancers and subjects having similar occupations 
(teachers of gymnastics, sportsmen). They all underwent tests on the arms and 
legs and all showed better pulsations and heightened blood pressure after exercise. 
Some have even been tested after different kinds of work. Oscillograms have 
thus been taken after one, two, three, and up to ten rounds with 208 steps a minute 
on the Nylin staircase, and similar reactions to work were obtained in all cases. 

Group 3 included healthy normal subjects selected from the author’s ac- 
quaintances. As a rule, oscillography on both legs and in many cases repetition 
of the test after longer or shorter intervals was carried out. All these cases 
showed the heightened blood pressure and the increased pulse amplitude after 
exercise which was characteristic of the other two groups. 

One hundred thirty-seven work tests have thus been made on these thirty- 
six normal subjects and all the persons on which the experiments were made 
have shown similar reactions (Fig. 3, A). On repetition of the experiments on the 
same person, there was always the same iype of exercise response. Further tests 
of normal cases are in progress. 

The division into three groups was made in order to show that there is no 
special difference in the type of work response in trained and untrained subjects. 
As to the raised blood pressure and the length of the recovery period, there was this 
difference, the blood pressure of the trained persons did not rise as high as that 
of the untrained, and the recovery p-hase was not as long. 

The blood pressure was higher in all cases in the lower limbs than in the 
upper limbs when measured on the upper arm and calf in the horizontal position. 
The difference was less in younger than in older persons. The pulsations were 
less in the small of the legs than in the arms at the level of the elbow. A com- 
parison of the pulsations of the small of the leg with those of the wrists showed 
that the pulsations of the wrists were less than those of the ankles. The index 
was less than one unit as Atlas has stated.- 

Cases With Confirmed Structural Diseases . — When there was organic ob- 
struction of the larger arteries of the limbs, the oscillogram after exercise showed 
- an inverse reaction with a lower blood pressure and a decrease or absence of all 
the pulsations (Figs. 3, 5, 6, and 7). This inverse reaction occurred only if the os- 
cillogram was made distal to the obstruction. When a partial occlusion was 
present, in the popliteal artery, for example, the oscillogram from the small of 
the leg showed this inverse reaction, but oscillography on the thigh above the 
knee and on the calf just under the knee gave the heightened blood pressure and 
the respective increase of the pulsations which are characteristic of normal 
subjects. 
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The inverse reaction after exercise in pathologic cases seems to be independ-. 
ent of the nature of the stenosing process. Thus, cases of Buerger s disease, 
arteriosclerosis, and postembolic states gave the same inverse reaction. 

Normal Case 



Morb.B'aerg'er 

200 

150 . 


100 


50 


Fig. G. — III a normal person the oscillogram at rest can show very small deflections, whereas In a 
person with intermittent claudication it can reveal moderately large pulsations which are bettor than the 
pulsations in a normal person. The upper oscillograms were made on a 25-year-oId woman whose hobby 
is skiing. The lower oscillograms wore made on a 45-ycar-old man who had Buerger’s Disease. After 
exercise the oscillograms of these two patients changed very strikingly so that the normal subject had 
largo pulsations whereas the pulsations of the patient with Buerger’s Disease disappeared. 

Only those cases of structural changes confirmed by arteriography have been 
included in this group (ten cases). All cases have, ivithout exception, shown 
the inverse reaction after exercise. That this group contains so few cases de- 
pends partly on the fact that we do not like arteriography, and partly because 
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contrast media were difficult to obtain during the war. I chose to include in this 
group only the absolutely definite cases of organic obstruction. All others, with 
typical clinical signs are included in the next group under Intermittent Claudi- 
cation. 

Iniermittenl Claudication . — Most patients with organic arterial obstruction 
exhibit intermittent claudication. This symptom is probably caused by the ves- 
sel closure even if there is a considerable degree of associated vasoconstriction. 
Most of the patients with claudication showed abnormal work-tonoscillograms, 
that is oscillograms of the type found in the previously mentioned group with 
structural changes. This fact should compensate for the small number of cases 
in the latter group. 

Fifty-four patients with typical intermittent claudication were studied. 
All of them were subjected to work-oscillographic studies, and no less than fifty- 
tAVO showed the inverse reaction to exercise. Some patients had symptoms in 
only one limb but nevertheless showed pathologic exercise oscillograms from both 
limbs. The oscillogram was always more abnormal, however, in the painful 
limb. Vascular changes were present in both limbs, although less in one of 
them. The reason the patient may not have symptoms in both limbs is 
that the pain in one limb prevents his performing an amount of work sufficient 
to produce pain on the healthier side. 

These experiments show that oscillography after exercise permits an early 
diagnosis in cases of structural vascular change where intermittent claudication 
has not yet appeared but an inverse reaction can be demonstrated. This fact is ob- 
viously important from the prognostic point of view. 

A number of exercise-tests were performed on these fifty-four patients, many 
of whom have been re-examined every year in connection Avith diagnostic and 
therapeutic procedures. It Avas demonstrated in those cases that it AA'as easy to 
obtain consistent results Avhich shoAV Icaa’ \mriations in the appearance of the 
recovery phase after the same exercise. 

Since each of the tAvo loAA^er extremities represents one test object AA'ith 
indi\ddual reactions, depending on the state of the arterj'’ in the extremity ex- 
amined, the number of exercise-tonoscillograms haA^e been considered in relation 
to the number of examined extremities. This method Avas used since it giA'^es 
statistically more reliable values than AA'hen the patient is taken as a unit. A 
total of ninety-eight extremities have been examined. Of these, typical inter- 
mittent claudication Avas present in eighty-nine. Of these claudicant limbs, 
eighty-five .shoAved pathologic Avork-tonoscillograms. All pathologic Avork- 
tonoscillograms AA^ere obtained from extremities Avhich exhibited claudication. 
Of 250 examinations after exercise AAffiich AA'ere made on claudicant limbs, 246 
shoAved an inverse reaction. 

As rnost of the patients in the group Avith intermittent claudication shoAV'ed 
pathologic oscillograms after exercise the question arises as to AAffiat difference ex- 
ists between cases of intermittent claudication Avhich shoAv the inverse reaction 
and those Avhich do not. It appears that the two exceptional patients had serA’^ed 
their time in the army and that their symptoms had been aggravated. 
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Coarctation of the Aorta . — Through the Crafoord operation®-® the diagnosis of 
coarctation of the aorta may be confirmed, and seventeen such cases have been 
examined. Exercise tests were made before the first operation because many of 
the patients complained of intermittent limping. On examination, all of the 
cases of coarctation showed a typical reaction after exercise, as well as a typical os- 
cillographic picture during rest. Characteristic of the latter is high blood pres- 
sure. and large pulsations in the upper limbs, as welbas low blood pressure and 
small pulsations in the lower limbs. After exercise, these patients showed no in- 
creased blood pressure but rather a slight drop. In some cases the pulsations 
were diminished or even absent. In other cases there was a slight increase in 
the size of the pulsations. None of the seventeen cases examined, however, 
showed a normal reaction after exercise from the lower limbs (Fig. 8, left). 


COARCTATION OF THE AORTA 


• Work • tdiioscillogTaphy 



Fig. 8. — Work-oscillograms of both lower limbs before and after operation in a patient 

with coarctation of the aorta. 
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The exercise-oscillographic test was used in these cases to confirm the diag- 
nosis. It was also of great interest to observe how, after the Crafoord operation, 
with resection of the stenosed section of the aorta and end-to-end anastomosis, 
the circulation was re-established and normal exercise tests could be obtained from 
the lower limbs (Fig. 8, right). The examination of patients with coarctation 
has emphasized the accepted hypothesis that exercise-oscillography gives an in- 
verse reaction when there* is organic obliteration of the large arteries. The in- 
verse reaction disappeared after the coarctation was corrected. 

The Remaining Cases . — The remaining group tested with oscillography after 
exercise comprised 310 cases. The patients were of different ages and their com- 
plaints arising from the lower limbs included paresthesias, joint pains, neuritic 
manifestations, fatigue, and flat feet. In this group there were no patients with 
typical intermittent limping. Some of the patients suffered from chronic carbon 
monoxide poisoning with pains in the lower limbs, and quite a number had the 
typical symptom of “restless legs.’’*^ Usually, both legs were examined but none 
of the patients in this group showed any inverse reaction on work. 

DISCUSSION 

The rise in blood pressure during and after exercise in normal subjects has 
been known a long time and has been pointed out by several authors. The in- 
crease in size of pulsations in the upper limbs after exercise has also been de- 
scribed and demonstrated on the oscillogram.®*’^ The decrease in size of the pulsa- 
tions in the lower limbs after exercise in pathologic cases, on the other hand, has 
been the subject of study by only a few authors. Christensen® studied the reac- 
tion in patients with effort angina and the effect of hyperventilation. Andre- 
Thomas and L6vy-Valensi,’ Leary and Allen,"® Ejrup,’®*" and Lindqvist"- have 
made oscillographic studies on cases of claudication. Lowering of the blood pres- 
sure after work in cases of cardiac insufficiency has been noted in the upper limbs 
by Grebner and Griinbaum,’'' Masing,®® and others. As to the fall of blood pressure 
after exercise in the lower extremities in the presence of stenosing disease of the 
larger arteries, I could find no special reference in the literature. It should be em- 
phasized that the lowered blood pressure is a finding which is quite as impor- 
tant as the decrease of pulsations. The syllable, “ton," in the expression “ex- 
ercise-tonoscillography” indicates that in addition to the size of the pulsations, 
the height of the blood pressure is also obtained from the written oscillogram. 

It is of interest to discuss the conditions which produce the pathologic work 
oscillogram. Is it spasm in the artery, or is there another cause for the fading 
pulsations? Different opinions regarding the explanation of intermittent claudi- 
tion are found in the literature (Charcot,® Erb,’® Lewis and associates,®’ and Hus- 
tin ). The author is inclined to believe that collateral spasm is one of the 
causes^ of the absent pulsations. In many cases the main artery is narrowed 
or o literated and the blood supply is maintained only through collateral chan- 

^ true, for example, in a number of cases of coarctation, but it can 

a so e c early demonstrated in peripheral circulatorj'^ derangements. Neverthe- 
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less, there are distinct pulsations recorded by oscillography. These pulsations 
arise from the collateral vessels. The collateral vessels are dilated arteries or 
capillaries with a structure that does not coincide with the function they perform. 
Another factor is. their superficial position. The collaterals are not enclosed in 
arterial sheaths betvveen the muscle bundles but cross these muscle bundles 
more or less lengthwise. They are thereby exposed to an influence which,- in 
combination with their weaker structure, increases their tendency to spasm. 
When spasm of the collaterals occurs and the principal artery is more or less ob- 
literated, all the pulsations vanish distal to the level at which the collaterals tra- 
verse the muscles. In cases of coarctation, where the occlusion is complete and 
the lower half of the body is supplied solely through the collaterals, exercise- 
oscillography shows diminished pulsations in the legs where normal or increase of 
pulsations due to compensatory dilatation, might be anticipated. This phe- 
nomenon is most likely caused by vasoconstriction in the collaterals. 

This collateral spasm theory should apply unreservedly to those cases 
where the main artery is completely obliterated. In other cases with a partially 
obliterated main artery, the same thing can happen, but there should be an in- 
creased tendency to spasm also in the pathologically altered main artery. 

On examination of the structural changes of the peripheral arteries, as in 
cases of coarctation of the aorta, both the systolic and the diastolic pressures 
fall in the legs after exercise. This could be due partly to the fact that the blood 
is pumped awa}'- from the muscles through the intact venous system, the obliter- 
ation of the arteries, meanwhile, hindering the inflow. If the venous outflow 
were checked, the local situation should be improved. Experiments with per- 
manent venous congestion in those cases are in progress. Intermittent venous 
congestion in claudication cases have already been tried with good results.^ 
Permanent venous congestion has been produced by operation in cases of angina 
pectoris. There seems to be no contraindication to establishing a slight perma- 
nent congestion in cases with peripheral disease during walking. On making exer- 
cise tests with and without induced venous congestion, the test with congestion 
has caused less discomfort and better function. A patient who could only walk 
for three minutes at a certain rate, when an inflated cuff was applied to the limb, 
walked for nine minutes at the same rate and had to stop because of breathless- 
ness. 

The cause of the inverse oscillographic reaction to work in pathologic cases 
is probably quite complicated, but at least three possibilities mentioned pre- 
viously should be considered: (1) collateral spasm; (2) arterial spasm; and (3) 
capillary bed evacuation. 

'The exercise-tonoscillographic test is convenient and useful in evaluating var- 
ious therapeutic measures. Parallel with subjective recovery in the case of in- 
terrhittent claudication, the exercise-oscillographic test shows a gradual improve- 
ment with better pulsations, higher blood pressure, and a shortened postexercise 
period. 

In several cases with pain and definite organic vascular disease in one limb, 
an abnormal exercise-oscillogram has demonstrated early organic changes in the 
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asymptomatic limb. The decrease of blood pressure, for instance, is less marked 
and there is only moderate or no reduction of pulsations. In some cases there 
is a distinct reduction of the pulsations without a decrease in blood pressure. 
The test gives evidence of disease before the occurrence of subjective symptorn.s. 
The inverse oscillographic reaction appears much earlier than the pains in the 
calf. If the work is forced in such a case, typical symptoms of intermittent 
claudication appear concomitant with further pathologic cliange in the exercise- 
oscillogram. No normal subject has shown a decrease of blood pressure or re- 
duction of the pulsations one-half minute after exercise. All cases of vascular 
disease, on the other hand, have shown changes ranging from absent pulsations 
and decrease of blood pressure to zero in the injured limb to normal reactions in 
the healthy limb. The test ought, therefore, to constitute an objecive index of 
the efficiency of the vascular system in the limb examined. Compared to other 
diagnostic tests, exercise-tonoscillography is the simplest and also gives the earliest 
information concerning the functional capacity of the vessels. 

The author has not been able to find any difference between cases of ar- 
teriosclerotic obstruction, typical Buerger’s disease, and postembolic occlusion 
of the large vessels. The type of the inverse reaction apparently varies with 
the degree of obstruction and the development of the collateral circulation. 
The differential diagnosis between the previously mentioned conditions is not 
aided by this test. On the other hand, the inverse reaction seems to be asso- 
ciated with the presence of an organic obliteration and the test is thus applicable 
in the differential diagnosis between functional and organic conditions. 

SUMMARY 

A method for automatic oscillographic blood pressure recording is described. 
By this method oscillograms can be taken in succession without any venous con- 
gestion in the examined limb. The oscillograms are written vertically on an end- 
less paper perpendicular to the length of the roll so that variations of the blood 
pressure and pulsations can be observed easily. The apparatus is especially 
suited for the taking of oscillograms after exercise when several successive os- 
cillograms are required to record the type and length of the postexercise period. 

The procedure involved in cxercise-oscillography is described. Oscillograms 
are first taken with the patient at rest in the horizontal position. Work tests 
are then carried out on the Nylin stairs or an ergometer bicycle, after which the 
oscillograms are repeated in the horizontal position during the postexercise 
period. In normal cases an increase of blood pressure and pulsations is observed 
after exercise, whereas in cases in which organic vascular changes have been demon- 
strated and in cases of typical intermittent claudication, an inverse reaction 
with decrease of blood pressure and lowering of the pulsations is obtained in the 
lower limbs. 

In cases of coarctation of the aorta, a pathologic reaction occurs with no in- 
crease of blood pressure. In some cases the pulsations are diminished while in 
others they may be slightly improved. This pathologic reaction disappears 

after operation and the oscillographic picture at rest and after exercise becomes 
normal. 
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Cases of vague symptoms arising in the legs which do not constitute true 
intermittent claudication show, with few exceptions, a normal oscillogram after 
exercise. 

The pathogenesis of the abnormal exercise-tonoscillogram is discussed and the 
value of exercise-tonoscillography in the earl}' diagnosis of organic peripheral 
arterial circulatory disturbances is pointed out. Its value and importance in 
the differential diagnosis between structural and functional changes of the 
arteries are considered. 
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VARIATIONS IN THE DEVIATIONS OF S-T IN ANTERIOR WALL 

INFARCTION 


William Dressler, M.D., New York, N. Y., and 
Hugo Roesler, M.D., Philadelphia, Pa. 


I NFARCTION of the anterior wall in the early stage is characterized by up- 
ward displacement of S-T in Lead I and by downward movement of S-T in 
Lead III. In the presence of posterior wall infarction, the direction of the dis- 
placement of S-T in Leads I and III is the reverse. The reciprocal deviations 
of S-T may be of the same magnitude in Leads I and III. In some cases of an- 
terior wall infarction, the elevation of S-T in Lead I is more marked than is the 
depression in Lead HI. In other instances upward displacement of S-T in Lead 
I is slight and well within the normal range, whereas depression of S-T is marked 
in Leads II and HI. Occasionally, depression of S-T is observed even in Lead 
I in the very early stage of anterior wall infarction. Similar variations are seen 
with infarction of the posterior site. The varying deviations of S-T seem to 
depend largely on the site and extension of infarction. Since, by taking multiple 
chest leads, these factors readily can be determined in the presence of anterior 
wall infarction, but not in infarction of posterior location, only cases of anterior 
wall infarction are included in this stud}'. 


CASE REPORTS 

Case 1. — B. L., a 56-year-old man, sufTcrcd an attack of severe substemal pain associated 
with sweating oil July 20, 1943. The attack was followed by a fall in blood pressure and in- 
crease in sedimentation rate. The further course was uneventful. 

An electrocardiogram (Fig. I, A) was obtained on the day of the attack. It showed in Lead 
I depression of the S-T junction and a diphasic T wave. In Lead III there was vcr%- slight ele- 
vation of S-T and the T wave was unusually high. Lead CF- showed a QS deflection with a rudi- 
mentary R wave; the S-T junction was elevated and the T wave upright. Elevation of S-T 
was even more marked in Lead CFj. On the other hand, Lead CF^ showed marked depression 
oi S-T and almost complete inversion of T. 

Another electrocardiogram (Fig. 1, B) was obtained three weeks after the attack. The 
deviations of S-T had largely' subsided and had given way' to sharp inversion of T in Lead I 
and in the chest leads. A tracing taken seven months after the attack (Fig. 1 , C) showed almost 
complete reversion of the previous changes to normal. 


From the Department of Medicine. Israel Zion Division, Maimonides Hospital, Brooklyn, X. Y. 
and the Departments of Medicine and Radiology, Temple University Medical School and Hospital, 
Philadelphia, Pa. 

Received for publication Feb. 18. 1947. 


5S 




jrjg^ 2. Case 2. Three days alter a coronary attack. Signs diagnostic of anteroseptal infarc- 

tion. Elevation of S-T in leads from the right side of-the precordium is accompanied by depression 
of S-T in chest leads from the left side and in Lead I. 
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The patient died suddenly two and one-half years after the coronary attack of July, 1943. 
Post-mortem examination revealed an old, recanalized thrombus in the anterior descending 
coronary branch. An irregularly formed scar of dense fibrous tissue was found in the anterior 
wall of the left ventricle close to the interventricular septum. 

Summary.— In the early stage of anteroseptal infarction (proven by necropsy 
two and one-half years later) the electrocardiogram showed elevation of S-T 
in leads from the right side of the chest, and depression of S-T with almost coni- 
plete inversion of T in the lead from Position C . 1 . In Lead I, as in Lead Ch 
the S-T junction was depressed and the T wave was almost completely inverted. 

Case 2.— R. P., an 86-ycar-old woman, had had high blood pressure for the past few years 
and had often felt substcrnal pressure on c.xertion. On June 28, 1946, the patient suffered an 
attack of protracted precordial pressure accompanied by dyspnea and wheezing. She was ad- 
mitted on the following day to the hospital. Low-grade fever developed after the attack and lasted 
for four days. 

An electrocardiogram was taken three days after the attack (Fig. 2). It showed in Leads 
CFi and CF; deep QS deflections, elevation of S-T, and inversion of T. In Leads CF< and CFs, 
and also in Lead I, the S-T segment was depressed and the 'P wave diphasic. 

Summary . — The electrocardiogram showed signs of anteroseptal infarction. 
Elevation of S-T in leads from the right side of the precordium was accompanied 
by depression of S-T in leads from left-side positions and in Lead 1. 

Case 3. — S. W. was a 45-year-old man. During the past two months he had suffered from 
“indigestion pain" which occurred frequently after meals. On May 23, 1943, he developed 
severe and protracted chest pain, but continued working. Two days later there was an even 
worse attack which was accompanied by shock. 


I II III ,CF3_ . CFg CF5 ■ CF4 CFg CFg = 



Pig. 3. — Cases. Signs ciiagnostic of recent lateral wall infarction. A. Pour days after tlio cor- 
onary attack. Elevation of S-T in leads from the loft side of the precordium and in Load I is as.sociated 
with depression of S-T in leads from the riglit side and in Lead III. B, One montli later. Sharp in- 
version of T in Leads I and II and in the leads from the left side of the precordium. Note the marked 
increase in the amplitude of R and T in Leads CF 2 and CFa. 


The first electrocardiogram was taken four days after the last attack of pain (Fig, 3, A). 
It showed in Leads CF5 and CFe, and also in Lead I, a deep Q wave and elevation of S-T. Depres- 
sion of S-T was present in Leads CFi through CF3 and in Lead III. In a tracing taken a month 
later (Fig. 3, B), the deviations of S-T had disappeared. There was sharp inversion of T in Lead 
I and in Leads CFg and CFe. A striking increase in the amplitude of the R and T waves was 
noted in the leads from the right side of the precordium. 
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Summary . — ^The electrocardiogram indicated recent infarction of the lateral 
wall. An early tracing showed elevation of S-T in leads from the left side of the 
chest and in Lead I, accompanied by depression of S-T in leads from right-side 
positions and in Lead III. In a later stage, when deviation of S-T had dis- 
appeared, inversion of T in leads from the left side of the chest was associated 
with marked increase in the amplitude of the R and T deflections in leads from 
the right of the precordium. 

Case 4. — G. D. was a 72-year-okl man. On July 8, 1945, while walking, he was seized with 
severe substemal pain which radiated to the neck. He perspired and felt nauseated. He came 
to the accident dispensary and was admitted. Physical examination revealed no abnormal find- 
ings. On the next day there was marked fall in blood pressure. 

The first electrocardiogram was taken three and one-half hours after the onset of the attack 
(Fig. 4, yl). There was left axis deviation. QRS was slurred and 0.12 second in duration. No 
significant deviation of S-T was noted in the limb leads. In the chest leads, the S-T segment was 
abnormally elevated in Lead CRc and abnormally depressed in Leads CRi through CRs. 

The second electrocardiogram (Fig. 4, B) was obtained nine hours after A. Elevation of 
S-T was diminished in Lead CRc; Leads CRi through CRj showed, instead of depression, slight 
elevation of S-T. The voltage of T had decreased in all leads, but the decrease was greatest in 
Lead I and in Leads CRi through CR/^. The next tracings (Fig. 4, C, D, and E) showed a fairly 
significant Q wave in Lead I and progressive inversion of T in Leads I and CR^ through CRc. 
Temporarily, in tracing C, there was shallow inversion of T« and T3. 


Summary . — The electrocardiogram suggested recent lateral wall infarction. 
An early tracing, taken three and one-half hours after onset of the coronary 
attack, showed elevation of S-T in leads CR5 and CRc and marked depression 
of S-T in the leads from the right side of the precordium. The depression of 
S-T was no longer present twelve hours after the onset of the attack. No sig- 
nificant deviations of S-T were noted in the limb leads. (Possibly there was also 
an old anteroseptal infarction, which is suggested by small R deflections in 
Lead CR2.) 

C.ASE 5. — ^J. G., a 58-year-old man, suffered from mild shortness of breath for several weeks 
prior to admission. He did not complain of anginal pain. He was hospitalized because of in- 
creasing fullness in the upper abdominal region. The heart was moderately enlarged. The blood 
pressure was 138/80. There was slight increase in venous pressure. The temperature was 
norrnal. The patient died suddenly six days after admission during a roentgenologic examina- 
tion of his gastrointestinal tract. 

An- electrocardiogram (Fig. 5) was obtained six days prior to death. In Lead I it showed a 
small Q wave coupled with a low R deflection ; the S-T junction was only inconspicuously displaced 
downward and the T wave was slightly inverted. In the chest leads, the R deflection was strik- 
ingly low in Lead CRs; in Leads CR4 and CRs a small Q wave was accompanied by R deflections 
of normal amplitude; the S-T segment was markedly depressed and the T wave diphasic; there 
were rather high T waves in Leads CRj and CRs- 

Post-mortem examination revealed arteriosclerosis in all main branches of the coronary 
arterial tree. The left coronary artery was markedly narrowed in the proximal portion, and its 
circumflex branch was occluded by calcific deposits. Extensive scarring was found in the ante- 
romedial aspect of the left ventricle. A recent infarction in the anterolateral wall extended from 
base to apex. It did not include the subepicardial muscle layers. ' 
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^zwzwao'.—Depression of S-T in Leads CR 4 and CR5 was apparently due 
to extensive recent infarction in the anterolateral wall (shown by necropsy) 
which did not include the subepicardial muscle layers. Also high T waves in 
leads from the right side, of the chest were explained by the presence of lateral 
wall infarction.^ A small R wave in Lead CR3, which was lower than the R 
deflection in Lead CRo, was the only indication of scarring in the anteromedial 
aspect of the left ventricle which was found at necropsy. 

Cask 6.— C. G., a 63-year-olcl man, was admitted to the hospital on May 27, 1943, because 
of hematuria. On the following day, while cystoscopy was being performed, the patient ex- 
perienced severe substernal pain. The attack was followed by rise in temperature. Death 
occurred three days after the attack. 

An electrocardiogram was taken five hours after the onset of the attack (Fig. 6, A). In Lead 
I it showed inconspicuous elevation of the S-T junction and straightening of S-T. In Leads II and 
III marked depression of S-T and inversion of T were present. The chest leads showed signs 
of recent anterior wall infarction, that is, QS deflections, elevation of S-T, and T waves of marked 
amplitude. 

In another tracing obtained a da)' after the attack (Fig. 6, B), Ti was flat. In the chest 
leads the amplitude of T had decreased and a terminal dip was noted in the T waves. 


S -£ 8'^3 . 5 -^ 9 -^3 



Pig. C. — Case 0. Extensive recent infarction involving the anterior portion of the interventricular 
septum and adjoining parts of the anterior wall of the left ventricle. The subepicardial muscle layers 
are involved (proven by necropsy). A, Five hours after onset of the coronary attack. Leads OF 2 
and CF 4 show QS deflections, marked elevation of S-T, and high T waves. In Lead I, elevation of the 
S-T junction is inconspicuous and contrasts with marked depression of S-T in Leads II and III. B, 
One day later. . The amplitude of the T waves in Lead I and in the chest leads has decreased. In Leads 
CPj and CP 4 ' there is a terminal dlp. of the T wave. 
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Pig. 7. Case 7. Recent anteroseptal Infarction. A, Three hours after onset of the coronary 
Leads I, II, and CRs through CRs marked depression of S-T is associated with unusually 
ugh T waves. No significant changes of QRS. Signs of subepicardial muscle injury (liigh T waves) 
are hero superimposed on signs of subendocardial injurj'. J3. Eighteen hours after onset of the attack. 

eprossion of S-T is replaced by abnormal elevation. Characteristic changes of QRS and T indi- 
ca e anteros eptal infarction. C and D, Progressive inversion of T in Lead I and in the chest leads.* 

Sta4 T° Dressier, W.. and Roesler. H.: “High T Waves in the Earliest 

&ta„e of Myocardial Infarction. Am. Heart J. 34:627, 1947 , Pig. 3 . 
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Post-mortem examination revealed extensive recent myocardial infarction, which involved 
the anterior portion of the interventricular septum and a large adjacent area of the anterior wall 
of the left ventricle. At several spots, necrosis extended to the subepicardial muscle laj-ers. 

Summary . — ^The electrocardiogram indicated recent infarction of the an- 
terior wall. Although leads from Positions Cs and Ce were not available, 
the absence of significant changes in Lead I suggested that the lateral wall was 
not involved. This was proven at post-mortem examination. In the limb 
leads there was striking incongruity between marked depression of S-T-in Leads 
1 1 and nr and the lack of significant elevation of S-T in Lead L 

C.\SE 7.— L. C. was a 36-year-old man. In the latter part of November, J945, he was 
suddenly seized with an attack which gave the sensation of his having been “hit in the epigastric 
notch.” Three days later, while working, he had what he considered to be indigestion with 
distress in the epigastric region. During the first half of A'larch, 1946, there were similar attacks 
which were unrelated to intake of food. They lasted from ten to fifteen minutes. At 2 p.m. 
on March 14, 1946, the patient experienced a burning sensation behind the sternum, vomited, 
and felt weak. He was presentb' brought to the accident dispensary' and still complained of a 
squeezing and burning sensation behind the sternum. The blood pressure was 90/70. The 
Avhite blood count was 17,100. The sedimentation rate was normal on the day of attack. On 
the following day the temperature rose and remained above normal for nine day's. There was 
increase of the sedimentation rate on the fourth day after the attack. 

An electrocardiogram was taken three hours after the onset of the severe attack on March 
14, 1946 (Fig. 7, A). It showed no significant abnormalities of QRS. The most striking change 
was marked depression of S-T in Leads CRs through CRc. S-T depression was present, but less 
marked in Leads I and 11. The depression of S-T contrasted with an unusual increase in the 
amplitude of the T waves, which was especially noticeable in the chest leads. 

In the second tracing (Fig. 7, B) taken eighteen hours after the onset of the attack, depres- 
sion of S-T had given way to marked elevation. There was a significant Q wave in Lead I. In 
Leads CRa through CR 4 , the R deflection had almost disappeared. The amplitude of the high 
T wave had decreased and a terminal dip of T appeared in Leads I, and CRs through CR 4 . 

Tracings C and B, taken three and seven day's, respectively, after the attack, showed pro- 
gressive inversion of T in Lead I and in the chest leads. 

Summary . — An electrocardiogram taken three hours after the onset of a 
coronary attack presented unusual features, namely, marked depression of S-T 
coupled with unusually high T waves in Leads I, and CR 3 through CRe- Eight- 
een hours after the onset of the coronary attack, depression of S-T had given 
way to elevation, and the electrocardiogram presented the typical features of 
anteroseptal infarction. 

COMMENT 

Recent experimental findings have improved our understanding of the vari- 
able deviations of S-T observed in myocardial infarction. It has been long- 
known*'® that elevation of S-T is associated with damage of the subepecardial 
muscle layers, while injury to the subendocardial muscle results in depression 
of S-T. In animal experiments, Wolferth and associates'^ showed, in direct 
leads from the surface of the heart, that injury to the subepicardial muscle 
beneath the exploring electrode caused elevation of S-T. When, however, the 
exploring electrode Avas placed at a site removed from the area of superficial 
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muscle injury, depression of S-T was observed. The reversal in direction of the 
deviation of S-T was often abrupt when the exploring electrode was moved from 
damaged to undamaged myocardial areas, and depression of S-T was obtained 
'even from points on the surface of the heart remotely located from the area of 
damage. There was also depression of S-T when injury was confined to the sub- 
endocardial muscle layers beneatli the exploring electrode placed on the surface 
of the heart. All of these deviations of S-T occurred regardless of whether the 
injury was caused by mechanical, chemical, or thermal influence, or by inter- 
ference with the blood supply to the heart muscle. 

' The changes of S-T that resulted from complete or partial obstruction of 
a coronary artery are of particilar interest for clinical problems. Wolferth 
and associates^ observed that after complete obstruction of a coronary branch, 
there was elevation of S-T in direct leads from the surface of the area deprived 
of blood supply. When the electrode was moved to muscle portions with un- 
restricted blood flow, depression of S-T was noted, and reversal in the direction 
of deviation was often abrupt at the margin of the ischemic muscle area. Partial 
obstruction of a coronary artery caused either no deviation of S-T or upward 
displacement, depending on the degree of interference with the blood flow. In 
some experiments, however, partial obstruction produced depression of S-T in 
direct leads from both the surface of the area partly deprived of its blood supply 
and from surrounding, apparently normal myocardium. When the degree of 
obstruction was increased, negative displacement of S-T turned into positive 
deviation. On the other hand, when complete or partial obstruction had caused 
upward movement of S-T and the blood flow was then restored to normal, there 
was depression of S-T for a short period before the S-T segment returned to 
its original level. The authors thought this was due to selective involvement 
of the subendocardial muscle layers. Clinically, it has been known that in- 
farction confined to subendocardial muscle layers was characterized in the 
electrocardiogram by downward deviation of S-T in limb and chest leads.'*’® 

The deviations of S-T which occur in clinical cases of infarction conform 
largely to the experimental findings. Reciprocity in the deviations of S-T is 
observed not onh^ in the limb leads but often, also, in the leads from the right 
and left sides of the precordium.* When anteroseptal infarction is present, 
elevation of S-T in leads from the right side of the precordium may be asso- 
ciated with depression of .S-T in leads from the left side (Cases 1 and 2; also in 
the portion of Fig. 29 dated 1-17-42, of a paper of Wilson and associates).* Lead 
I may then show depression of S-T (Cases 1 and 2), contrary to what is usually 
expected in anterior wall infarction, and the resulting picture may resemble 
that which is sometimes associated with lateral wall infarction.® Occasionally, 
in the presence of anteroseptal infarction, depression of S-T may even be ob- 
served in all limb leads; this is shown, for instance, by the case of Wilson and 
associates,* which was cited previously. 


*" animal experiments that damage that is strictly limited to one ventricle 

1 ho ♦ 1 ^ segment and of T in homolateral chest leads, and depression of these parts of 

the tracing in heterolatoral chest leads. 
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Reciprocal deviations of S-T in the chest leads, however, are not seen so 
often with anteroseptal infarction as might be expected on the basis of the ex- 
perimental findings. In many cases, elevation of S-T, which is marked in leads 
from the right side of the precordium where it is associated with deep Q waves, 
extends as far to the left as Positions' Cs and Cc (Fig. 7, B). This may be due 
to different factors, hirst, when .anteroseptal infarction is present, the distur- 
bance in blood flow initially may extend far to the left beyond the area which 
becomes the site of ischemic necrosis, and adequate blood flow in the lateral 
parts of the anterior wall of tlie left ventricle may be soon restored by collateral 
anastomoses. The initial disturbance of blood floAv in the lateral area may be 
responsible for the slight elevation of S-T, which is observed in leads from the 
left side of the precordium beyond the region which develops characteristic 
changes of QRS. Second, it must be kept in mind that chest leads, unlike direct 
leads, tap not only the small area which is covered by the exploring electrode, 
but a much larger region which may include damaged and undamaged myo- 
cardial tissue. The changes of potential thus recorded by a single chest lead may 
represent a mixture of positive and negative variations. This is even more true 
of the limb leads. The resulting deviation of S-T recorded in the electrocardio- 
gram depends on whether the positive or negative charge prevails. Hence, in 
many instances of anteroseptal infarction, elevation of S-T is observed not only 
in leads from the right side of the precordium but also, though to a less marked 
degree, in leads from left-side positions. In such instances, when the reciprocal 
negative potential change of S-T is marked in the posterior (diaphragmatic) 
wall, a striking S-T pattern is observed in the limb leads. In Lead I there is 
usually slight elevation of S-T which may be well within normal limits; this is 
in striking contrast to marked depression of S-T which is seen in Leads II and 
III (Case 6). The reverse picture may be observed in some instances of pos- 
terior wall infarction. 

When myocardial infarction is of lateral location, elevation of S-T may be 
seen in leads from the left side of the precordium, while depression of S-T is 
noted in leads from right-side positions (Cases 3 and 4; also in a portion of Fig. 
36 dated 3-11-42, in a paper by Wilson and associates’). In the subacute stage 
of lateral infarction, another reciprocal change is often seen,’ namely, marked 
increase in the amplitude of R and T in chest leads from right-side positions 
(Case 3). 

Elevation of S-T in leads from the left side of the precordium in the presence 
of lateral infarction is not an invariable finding. Wood and associates* have 
described depression of S-T in Leads I and IV as characteristic of lateral wall 
infarction. We have observed similar features in some of our cases. Depression 
of S-T may be due to the fact that the infarction does not extend to the super- 
ficial muscle layers (Case 5), or lateral infarction may be located close to the 
base of the heart so that the usual leads from the left side of the chest do not tap 
the area of injury, but tap undamaged parts of the myocardium. This ap- 
parently happened in some of the cases of high lateral infarction recently pub- 
lished by Wilson and associates,® which showed depression of S-T in leads from 
the left of the precordium (Figs, 1, 3, and 4). 
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Depression of S-T in limb and chest leads is sometimes observed in cases of 
anterior wall infarction prior to the development of the typical electrocardio- 
graphic pattern which shows upward displacement of the S-T segment. In 
such instances depression of S-T, according to Wolferth and a.ssociates,' reflects 
a state of partial deprivation of blood supply prior to complete occlusion. In- 
jury then probably is confined to subendocardial muscle portions, big. 7, ^4, 
of our Case 7 presents an unusual combination of signs of incomplete and com- 
plete occlusion. There is depression of S-T in limb and chest leads. This corre- 
sponds to a history of premonitory pain which preceded for two weeks the severe 
coronary attack. Depression of S-T is accompanied by unusually high T waves, 
such as are often observed in the earliest stage of coronary occlusion and which 
are equivalent to elevation of S-T, indicating injury of the subepicardial muscle 
layers.^® In a tracing taken eighteen hours after the onset of the coronary 
attack (Fig. 7, B), depression of S-T is replaced by elevation, and the character- 
istic QRS changes of anterior wall infarction make their appearance. 


summary 

Reciprocal deviations of S-T in chest leads from right- and left-side positions 
occur in clinical cases of anterior wall infarction. They conform to changes ob- 
served in experimentally produced ischemia of the heart muscle. 

When myocardial infarction is of anteroseptal location, elevation of S-T in 
leads from the right side of the precordium may be accompanied by depression 
of S-T in chest leads from the left side. Then Lead I may also show depression 
of S-T, and the resulting features may resemble those sometimes seen in the 
presence of lateral wall infarction. 

When myocardial infarction is of lateral location, elevation of S-T in leads 
from the left side of the precordium may be associated with depression of S-T 
in leads from the right side. However, when infarction fails to include the super- 
ficial muscle layers, or when it is located close to the base of the heart, depression 
instead of elevation of S-T may be present in leads from the left side of the pre- 
cordium at the customary level. 

There is great variability in the deviations of S-T in limb and chest leads 
in clinical cases of myocardial infarction. One determining factor is the site and 
extension of infarction. Another important factor is that the the chest leads, unlike 
direct leads used in the experimental animal, record changes of potential from 
a far greater area than that covered by an electrode placed directly upon the 
myocardium, that is, from an area which may include damaged and undamaged 
myocardium. Thus, positive and negative changes of potential may be mixed 
and the resultant deviation of S-T will depend on whether the positive or nega- 
tive potential variation prevails. Therefore, reciprocal deviations of S-T in 
the chest leads are not invariably observed with anteroseptal or lateral wall 
infarction. Also, in limb leads, in the presence of anterior wall infarction, ele- 
vation of S-T may be inconspicuous in Lead I while marked depression of S-T 
is noted in Leads II and III. On the other hand, in infarction of posterior site, 
positive and negative changes in S-T potential which originate in damaged and 
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undamaged parts of the posterior wall may neutralize each other. Thus, Lead 
III may show no deviation of S-T, while marked depression of S-T is present 
in Lead 1. 
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SPINAL NERVE ROOT PAIN (RADICULITIS) SIMULATING 
CORONARY OCCLUSION: A COMMON SYNDROME 


David Davis, M.D. 

Boston, Mass. 

T he purpose ol this report is to call attention to the syndrome of dorsal 
spine radiculitis with acute attacks of anterior chest pain, simulating and 
often mistaken for coronarj'^ arter>' disease. 

In most instances, angina pectoris does not present a diagnostic problem. 
The relation of the chest pain to effort is generally constant from the onset of 
the illness, and the attacks can be precipitated fairly regularly by exercise toler- 
ance tests under standard conditions. Likewise, in coronar>' thrombosis with 
infarction, the clinical picture and electrocardiographic changes leave little 
doubt in the vast majority of cases. In contrast to this, coronar>' disease is 
often first manifested by attacks of prolonged substernal or precordial pain 
without relation to effort or subsequent evidence of infarction. An accurate 
diagnosis is very important, for such attacks are frequently followed by -coronary' 
occlusion or sudden death. 

Every' internist and general practitioner will recall cases in which the clinical 
picture was apparently coronary disease, but where such a diagnosis left ques- 
tions and doubts. Several years ago, I was able to establish a convincing diag- 
nosis of radiculitis in a few cases of this kind and this led me at least to consider 
the possibility in similar situations. As a result, the syndrome was found to be 
surprisingly common. 

The following case reports are ten of a group of fifty-six patients under 
observation during the year 1946 for this condition. It will be noted that these 
patients had chest pain characteristic of coronary disease. It occurred in the 
form of attacks, often confined to the substernal or precordial regions. The pain 
was frequently' severe, prolonged, and described as a pressure sensation, a heavi- 
ness, a viselike constriction, or an expanding discomfort. It often radiated to 
the left upper extremity and, at times, to the neck, where it was felt as a choking 
sensation. Occasionally, it radiated to the jaw, and in a few instances severe 
attacks were accompanied by pallor and excessive perspiring. Several patients 
also compla ned of a peculiar respiratory' distress. 

But, in addition to the sy'mptoms suggesting coronary disease, otlier char- 
acteristics of the radicular syndrome were often present: attacks occurred (1) 
m bed at night; (2) after certain movements of the spine, such as bending, turn- 
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ing from side to side, or getting out of bed; and (3) after such acts as coughing, 
sneezing, or straining at stool. It was also associated with other postures such 
as prolonged sitting and relieved when these postures were altered. These facts 
were most often not volunteered; the patient had to be questioned carefully 
with this in mind, and sometimes significant information was obtained only 
after the circumstances of subsequent attacks were observed. 

Even when the cardinal characteristics of this syndome were present, and 
they were not present in every case, the diagnosis was based on additional data. 
The most important, diagnostically, was the reproduction of attacks by the 
application of pressure over the dorsal vertebrae. Such attacks, although short 
in duration, could be reproduced in many patients with recently acute symptoms 
and the induced pain had the location, distribution, and character of the spon- 
taneous attacks. Other signs, such as poor posture, spasm of the posterior cervi- 
cal muscles, and tenderness in the region of the costochondral junctions of ribs 
and sternum, were present in many patients. Finall}'-, the diagnosis was con- 
firmed in some by the striking response to therapy consisting of postural correc- 
tion, bed boards, exercises, and, particularly, manipulation and traction of the 
ceiwicodorsal spine. 

Case 1. — W. C., a 51-year-oId male e.Kecutive, was seen in consultation the evening of Nov. 
29, 1944, for what appeared to be an attack of coronary thrombosis. Earlier that day, while 
sitting in his office, he developed severe chest pain located substernally and just to the left of 
the sternum, where it was most intense. It was viselike in character and did not radiate. He 
felt as though "a weight was compressing his chest.” The pain persisted for two and one-half 
hours before he obtained appreciable relief. His associate noted he was "white as a sheet,” and 
that he perspired profusely. He was helped home, seen by his physician, and given morphine. 
Later, he recalled that while resting in a chair during the attack, he could relieve the pain some- 
what by bending a little forward. After getting into bed, he noted that lying on his left side 
regularly increased the severity of the pain. 

Three weeks before this attack, he had first begun to have pain of a similar character, but 
milder anVl of shorter duration. It usually started in- the lower axillary region on both sides, 
squeezed him as in a vise, then localized in the substernal area. He had had approximately 
twelve attacks of this kind, lasting from thirty to ninety minutes, and in the last few days they 
had become more frequent and severe. They were not precipitated by walking, but once started, 
exertion definitely aggravated the pain. Two or three attacks awakened him from sleep, but 
most of them occurred during the day, most often when in a sitting position. His past history 
was irrelevant. 

Physical examination several hours after the onset of his recent attack found him sitting 
up in bed, anxious but not uncomfortable. He still complained of mild substernal distress. The 
heart was not enlarged by percussion. Action was slow and regular. There were no significant 
murmurs. Lung bases were clear. Blood pressure was 170/110, Routine examination of the 
spine showed a moderate dorsal kyphosis. Pressure over the seventh cervdcal and first and second 
dorsal vertebrae produced marked local tenderness and agonizing substernal pain of the character 
and distribution noted in the attack described. He was unmistakably angry and annoyed by the 
procedure. Even light pressure produced viselike pain and substernal distress. 

An electrocardiogram taken later was within normal limits, except for slight left axis devia- 
tion. X-rays of the cervical and dorsal spines showed the changes of advanced osteoarthritis, 
with narrowing of the intervertebral foramina of the third and fourth dorsal vertebrae. Ortho- 
pedic treatment was advised and, when seen six months later, he stated that severe attacks had 
not recurred and that mild pain was present on only three occasions. 
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Case 2.— F. W., a 64-ycar-old dentist, was first examined Jan. 13, 1945. He gave a history 
of two attacks of prolonged substernal pain. The first, five years before, was accompanied by 
weakness and persisted for several hours. The second, two months before, was similar, and 
apparently was associated with a slight fall in blood pressure. A diagnosis of coronary throm- 
bosis was made on each occasion. Three electrocardiograms, however, taken within a few weeks 
after the second attack were, to the patient’s knowledge, within normal limits. His past history 
was unimportant except for frequent attacks of gout over a period of fifteen years. 

Physical examination showed large, gouty tophi on both ear lobes. The heart was not en- 
larged. Sounds were slow and regular. There was a slight systolic murmur over the midsternum. 
Lungs were clear. Blood pressure was 175/110. There was moderate to marked kyphosis of the 
upper dorsal spine. An electrocardiogram showed slightly diminished voltage of the QRS com- 
plexes in the first three leads, and slight elevation of the S-T inter\-al in Lead CR 4 . 

Two months later, he complained of pain in the region of the dorsal spine, radiating to both 
sides of his chest and worse at night. It was relieved by keeping his spine erect and his shoulders 
back, and aggravated by bending forward. There was exquisite tenderness over the tenth dorsal 
vertebra, and light pressure reproduced similar pain with radiation as far as the anterior a.xillary 
line on each side. Blood pressure was 160/90. He was put on full doses of colchicine, and advised 
to put boards under his mattress. X-ray of the cervical and dorsal spines showed the changes 
of advanced hypertrophic arthritis. 

He returned nine days later, complaining of an attack of severe anterior chest pain the night 
before while sitting in a theater. It began in the dorsal region of the back and radiated around 
to the anterior chest where it was felt as a squeezing pressure pain. He immediately recognized 
it as the kind of distress he had experienced five years before. It was more severe than his previous 
attacks, and morphine was necessary for relief. Examination of the heart was not remarkable. 
Moderate pressure with the thumb over the sixth and seventh dorsal vertebrae precipitated 
severe pain that radiated from this point around the chest wall to the substernal region. This, he 
maintained, was exactly what he had had five years before. The pain was elicited with difficulty 
when he stood very erect or hyperextended his cervicodorsal spine. 

The response to orthopedic treatment was prompt, and during the next year chest pain did 
not recur. 


Case 3. — M. F., a 51-year-old retail store owner, was first seen on March 3, 1943, for an 
evaluation of his cardiac condition. Five years before, he developed severe substernal pain one 
evening in the course of walking home in a snow storm. It forced him to stop, and he was aj> 
parently relieved by resting. Ten minutes later, a second attack forced him to stop. This time 
the pain radiated to the left arm. Shortly after getting into bed that evening, he dev’elopcd 
severe pain that persisted for fifteen minutes. The pain had the character of a "cramp” and, with 
it, there was a breathing difficulty described as an inability to breathe or to take a deep breath. 
He sat up straight in bed and found that thfs position gave some relief. A few days later, a well- 
known cardiologist made a diagnosis of serious coronary disease. An electrocardiogram was 
normal. 


Further history revealed short attacks of substernal distress of a similar character on stoop- 
ing or bending forward over a period of fifteen years. These had become progressively worse 
during the three years preceding the diagnosis of heart disease. The pain, also described as a 
crarnpy feeling, occasionally radiated to the left arm and was always quickly relieved by 
standing up straight. He had had similar attacks in the course of walking and after prolonged 
sitting, as in playing cards. Physical examination and an electrocardiogram were normal. Blood 
pressure was 130/80. 

During the following winter months he had two attacks of substernal tightening during 
long walks that followed large meals. These were immediately relieved by stopping. Questioning 
now brought out the fact that when he stopped, he immediately “straightened up” and threw his 
attributed the relief obtained to this act rather than to rest, and maintained 
ate attac 's in the course of walking just prior to the diagnosis of coronarv disease were also 
relieved in this same manner. 
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Bed boards were recommerided and many months later he reported that “cramplike” anterior 
chest pain occurred occasionally on stooping, but less fiequently than prior to the use of bed 
boards. Now, eight years after the diagnosis of heart disease, physical e.xamination and an 
electrocardiogram have remained normal. X-rays of the cervical and dorsal spines show the 
changes of advanced hypertrophic arthritis. 

Case 4. — C. E., a S0-\'ear-old man, was first seen Dec. 7, 1939, for an attack of what ap- 
peared to be coronary thrombosis. He was awakened the night before by agonizing substernal 
pain that persisted for several hours and was relieved only by repeated injections of morphine. 
E:xamination of the heart and an electrocardiogram were normal, and during the ne-xt few daj's 
there was no rise in temperature or leucocytosis. His spine was not e.xamined. He was kept in 
bed and treated for coronary disease. I saw him on two other occasions during the next few 
months because of epigastric distress unrelated to eating, but apparently relieved by soda. X-rays 
of his gastrointestinal tract and gallbladder were negative. 

Six years later, while sitting at a meeting, he developed a second attack of e.xcruciating 
substernal and precordial pain. It was accompanied by marked weakness, nausea, and profuse 
perspiration. As he was helped to a nearby physician, his symptoms became worse and he vomited 
several times. A diagnosis of coronary thrombosis was made; morphine Avas administered. This 
only dulled his pain which continued throughout that evening and the following night. In bed, 
the pain Avas aggravated by moving about. His OAvn family ph3'sician saAv him that eA^-ening 
and the next morning, and he considered the diagnosis of coronar}' thrombosis to be unquestioned. 
His blood pressure had fallen slightlj' from 125/80 the eA'ening before to 100/70 the next morning. 
His temperature Avas slightly elevated. 

When I saAv him he had just been to the bathroom, and, A\-hen questioned, said that his chest 
pain AA'as less marked Avhile out of bed than it had been during the night. He AA-as lying on his 
side, his face distorted Avith' pain. Examination of his heart and lungs Avas normal. \\'hen Ave 
offered to help him sit up, he refused, saying he had had a bad back for thirty years and could 
do it AA'ith less discomfort himself. Rotation of the head on the neck AA-as restricted on both sides. 
The dorsal spine, frorh the second to the eighth A^ertebrae, AA-as extremely sensitive to light touch. 
Slight pressure caused him to AAunce. When -moderate pressure AA^as applied OA^er the region of 
the third and fourth dorsal vertebrae, he suddenly slumped forAA-ard in a state of near-collapse. 
When questioned a little later, he complained of severe pain in the region of the precordium and 
the suprasternal notch, and begged not to haA'^e it repeated. As he sat slumped forAA'ard, motion- 
less and faint, he also complained of nausea. After resting a fcAA' minutes, the procedure AA-as 
repeated Avith lighter pressure, and also caused referred pain to the neck and precordium. There 
AA-as marked tenderness in the region of the costochondral junctions of the third and fourth ribs 
anteriorly. An electrocardiogram taken later that day Avas normal. 

With the question of heart disease eliminated, he refused orthopedic treatment. Eight 
months later, he reported no recurrence of scA-ere attacks although fully acth-c. 

Case 5. — L. B., a 54-3’^ear-old houscAvife, Avas first seen March 19, 1946, complaining of 
attacks of scA'^ere substernal and anterior left chest pain of three j-ears’ duration. They occurred 
most often at night, forcing her to sit up or AA-alk about. The pain usually started in the mid- 
dorsal region of the chest posteriorly, moved around the left breast and up under the sternum, 
causing substernal pressure and a choking or lump sensation in the neck. Less frequent!}-, it 
started in the substernal region and radiated to both jaAA-s, Avhere it Avas felt as a numbness as 
Avell as pain. She often e.xclaimed, “My face feels paralyzed!” At times there AA-as radiation 
doAA-n the left arm to the elboAv. During attacks there AA-as marked hyperesthesia o\-er the pre- 
cordium and she often held up her left breast to ax-oid its pressure against the chest AA-all. Cough- 
ing or sneezing caused a burning pain across the base of her neck. Attacks often lasted one 
hour, occasionally sex-eral hours. The}- AA-ere less frequent during the day and usually occurred 
AA'hen in a sitting or bent-over position. Walking about or straightening up regularly gax-e relief. 
On three or four occasions in the past tAA-o years, she had attacks in the course of AA-alking fast or 
climbing stairs: these Avere relieA-ed by stopping. She a\-eraged three severe attacks a Aveek. 
There AA-as no dyspnea on exertion. During the past three years, she had been seen by scA-eral 
internists who thought her pain Avas of cardiac origin. 
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Physical examination of the heart showed no enlargement.' Tlie heart sounds were slow, 
regular, and of good quality. There was a slight systolic murmur at the apex. The blood pressure 
was 180/100. The electrocardiogram was within normal limits. A seven-foot roentgenogram 
showed slight enlargement of the left ventricle. 

Examination of the spine showed a markedly increased dorsal curve. Motion of the neck 
was restricted in all directions. Coughing caused pain at the base of the neck. Slight pressure 
over the second and fourth dorsal spinous processes produced exquisite pain in the substernal 
region similar to that experienced in previous attacks. It was immediately felt in the midsternal 
region, under the left breast, in the throat region, and along the left jaw as high as the temporo- 
mandibular joint. Substernally, it felt like a constriction. Slight pounding over the second or 
third dorsal vertebrae produced a sharp pain which stabbc<l from the back straight through to 
the sternum and from there up to the neck, the left jaw, and frontoparietal aspect of the head. 

She was referred to an orthopedist. He noted that hyperextension of the dorsal spine at the 
level of the sixth dorsal vertebra caused radicular pain referred to the left costal margin. Fol- 
lowing traction and hyperextension exercises, there was dramatic improvement. 

Case 6. — ^J. B., a 37-year-old business e.xccutivc, was first seen April I, 1946. He had had 
appro.ximately eight attacks of severe, sharp anterior left chest pain during the past year, un- 
related to effort or meals, and usually lasting but a few minutes. Two or three attacks occurred 
during sleep. The morning of the day of e.xaminalion he was awakened by an “agonizing" attack. 
The pain was sharp, localized below the left nipple, and persisted for fifteen minutes with varj’ing 
intensity. During the attack he did not move and was unable to take a deep breath. He felt 
he was suffocating, and at moments his breathing became rapid and gasping. Automatically, 
he assumed a slightly bent-forward position, his left shoulder drawn down toward the left chest. 
This gave some relief. There was no substernal pain, no radiation to the extremities. This 
attack was more severe than previous ones, and the first to alarm him. On driving to the office, 
he noted that laughing provoked the same pain. 

Physical examination of the heart was normal. There was muscle spasm in the left cervical 
area, and rotation of the neck was markedly restricted to the right. Pressure over the seventh 
cervical spinous process regularly precipitated pain, localized to a small area just within the left 
nipple. With it there was respiratory distress. These symptoms were of tite character described 
in his severe attack. 

An electrocardiogram with standard chest leads was entirely within normal limits. X-ray 
examination of the cervicodorsal spine showed hypertrophic changes, straightening of the cer\'ical 
spine, slightly increased dorsal kyphosis, narrowing of the interspaces, and scoliosis to the left 
in the dorsal region. 

Orthopedic treatment quickly relieved his acute condition. During the past nine months 
there has been no recurrence. 

Case 7. — I. B., a 36-year-old man, was seen on April 20, 1946, complaining of severe sub- 
sternal and left chest pain of fu'e weeks' duration. The pain started in the lower interscapular 
region and radiated to the midsternum and precordium. It often awoke him at night and was 
present in the morning just after getting out of bed. Recently, however, instead of wearing off 
in the morning, as before, it recurred intermittently during the day. The night attacks had also 
become more pronounced. Pain was brought on or aggrax'ated by bending, prolonged sitting, 
taking deep breaths, coughing, or excessive talking. 

A week before, he had a severe attack after lifting a rubbish barrel. It started as a “cramp” 
between his shoulder blades which “settled out” in the anterior midchest region and persisted 
for ten minutes. Two days later, it recurred with greater severity while out walking. He was 
unable to continue. After some time he slowly made his way back to the office. His secretary 
told him he looked pale and very sick. He was unable to breathe and felt his “wind was cut off.” 

e noted he was gasping for breath. This respiratory disturbance and mild substernal pain con- 
tinued intermittently for four or five hours. 

Physical examination showed no cardiac enlargement, slow regular sounds, and no murmurs. 

00 pressure was 130/90. There was marked spasm of the posterior cenpucal muscles with 
imitation o head rotation bilaterally and a moderate kyphosis of the upper dorsal spine. Firm 
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pressure with the thumb over the seventh and eighth dorsal vertebrae- caused local tenderness 
and reproduced substernal and precordial distress of the character noted in his spontaneous 
attack. With the application of. pressure and the onset of chest pain, his breathing became rapid 
and. shallow; and he complained, “It knocks the wind out of me.” An electrocardiogram with 
standard chest leads was within normal limits. 

The response to orthopedic treatment consisting of manipulation and traction was dramatic, 
and after the first week of treatment there was a complete disappearance of symptoms which 
have not recurred up to now, nine months later. 

Case 8. — E. T., a 42-year-old housewife, was seen April 20, 1946, complaining of attacks 
of severe sharp pain in the region of the left breast and “shortness of breath" of three months’ 
duration. Her family physician thought she had serious coronary disease. The pain started 
under the breast, and most often radiated to the left shoulder and inner side of the left arm. 
She had had appro.ximately twelve attacks in this period, varying in duration from ten to fifteen 
minutes. Most occurred when she was lying in bed. Three or four occurred in the course of 
walking and forced her to stop. Bending forward gave definite relief On each occasion. She 
volunteered that walking, especially with bundles, precipitated attacks. During most of these 
attacks, her br^thing became shallow; she “didn't dare take a deep breath.” Coughing, sneezing, 
and sighing did not precipitate or aggravate the pain. 

Physical examination of the heart was not remarkable. There was no enlargement. At the 
apex there was a slight, localized systolic murmur. The lungs were clear. There was tenderness 
and muscle spasm in the left cervical area and marked limitation of neck rotation to the right. 
Moderate pressure over the sixth to eighth dorsal spinous processes produced acute pain three or 
four cm. to the left of the sternum in the fifth and sixth intercostal spaces. As she winced with 
pain, she panted and said, “My breath is cut off.” The chest pain and dyspnea were of the same 
character as that noted in the spontaneous attacks. An electrocardiogram wkh standard chest 
leads was normal. 

This patient refused orthopedic treatment. Her family physician, six months latter, stated 
she still has recurring attacks, although less frequently. 

Case 9. — C. C,, a 6.3-year-old ship-model builder, was seen May 18, 1946, complaining of 
upper substernal pain and respiratory difficulty of two weeks’ duration. He described it as a 
squeezing, pulling, and at times gnawing sensation that was also felt a little to the right of the 
sternum. At times it persisted for hours. It was precipitated or aggravated by certain types of 
physical exertion, particularly after eating, but did not occur in the course of walking. Asso- 
ciated with it was an inability to take a deep breath and “fill out my lungs.” Three days 
before, while digging in the garden, as he stooped to lift out a bush he was seized by a severe 
“gripping” upper substernal pain. He was. forced to sit down, unable to move. After twenty 
minutes, the pain subsided, but it did not entirely disappear. 

Three months before, while lying in bed on his right side, he tried to turn over and was 
seized by the same gripping pain. It felt as though somebody was "pulling the insides out of 
me.” Changing back to his original position, the pain subsided. He had had approximately 
fifteen such attacks during the past month. He also experienced mild pain in the left arm on 
awakening in the morning, and midsternal and precordial distress when weeding in the garden. 

Physical examination showed a tall man with a narrow chest. The heart was normal. The 
liver was felt two fingers’ breadth below the costal margin with deep inspiration. Blood pressure 
was 130/70. An electrocardiogram was normal. During the examination, he developed upper 
substernal pain. Hyperextension of the spine immediately relieved it. When the natural kyphotic 
position was again resumed, the pain recurred. Hyperextension again gave relief. There was 
no local tenderness nor referred pain after firm pressure over the dorsal vertebrae. 

- He was seen again ten days later because of an attack of the same respiratory distress, 
unassociated with chest pain, following prolonged sitting. The lungs were clear. 

While attacks were- not reproduced in this patient by pressure over the dorsal spine, the 
characteristic history and the unmistakable relief obtained by hyperextension during a spontaneous 
attack established the diagnosis. 
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Case 10.— B. R., a 50-year-old housewife, was first seen Aug. 23, 1946, complaining of 
“shortness of breath" and attacks of severe chest pain of two years' duration. She had been 
under obseia-ation for marked hypertension for several years, and five years before, had an attack 
of prolonged left chest pain. This was considered to be of coronary origin by a well-known cardi- 
ologist, and her attacks during the past two years were ascribed to the same condition. Most of 
them occurred at night, and were often associated tvith respiratory distress. The pain was de- 
scribed as a dull ache. It usually started posteriorly along the inner aspect of the scapula and 
radiated anteriorly to the neck and around the left breast, localizing over a small area within the 
left nipple line. The attacks usually lasted ten or fifteen minutes. Soon after the onset she 
was “unable to breathe" and could not take a deep breath. At times she gasped in an effort to 
obtain more air. At the start of each attack, she sat straight up in bed, arched her shoulders 
back, and at times exercised her arms to obtain relief. She belched a great deal and this usually 
led to hiccough, which continued fora few minutes until the pain subsidetl. She had had a few 
attacks in the course of walking and climbing hills. 

During the past two years she was constantly troubled by posterior neck pain and occipital 
headache. She also had mild substcrnal pain on getting out of bed in the morning. She com- 
plained of being “stiff all over," and regularly took a hot bath each morning to relieve her joint 
symptoms. 

Physical e.xamination showed marked limitations of neck rotation to the left. The heart 
was slightly enlarged by percussion. The first sound was accentuated, and there was a slight 
systolic murmur at the apex, a moderately loud sj'stolic at the base, and an early aortic diastolic 
murmur along the left border of the sternum. Blood pressure was 240/120. The lung bases were 
clear. There was slight scoliosis of the dorsal spine to the left with slight angulation at the level 
of the fourth dorsal vertebra. To the left of this region there was muscle spasm, and pressure 
at this point of angulation produced wincing p,un anteriorly in the region of the third left rib 
and parasternal line. A similar, but less severe, pain was produced by light pounding with the 
fist over the second to seventh dorsal vertebrae. With the onset of pain in each instance, respira- 
tion became rapid, shallow, and gasping. An electrocardiogram showed no deviation from the 
normal. 'X-rays of the cervical and dorsal spines showed hypertrophic arthritis. 

She was later seen by an orthopedist Avho noted, in addition to the preceding, a slight limp, 
a pelvic tilt with the right iliac crest higher than the left, scoliosis in the lumbar area to the right 
with compensatory scoliosis in the dorsal spine to the left, producing slight angulation ,at the 
level of the fourth vertebra. The left lower extremity was three-fourths of an inch shorter than 
the right. Orthopedic treatment consisting of heel lift on the left foot, bed boards, cer\dcal 
traction and manipulation, and moist heat gave immediate partial relief. After a few weeks of 
treatment, pain -sras almost completely abolished. At the time of writing, seven months later, 
she is active with only mild discomfort on rare occasions. 


DISCUSSION 

The literature on dorsal spine radiculitis is meager. In 1927, Phillips* called 
attention to the importance of examining the spine in the presence of thoracic 
and abdominal pain and showed that pain of this origin could be mistaken for 
angina pectoris, gallbladder, and kidney disease. He noted the occurrence of 
points of tenderness lateral to the sternum and in the axilla. The following year, 
Gunther- gave a comprehensive description of the dorsal radicular syndrome, 
and with Kerr* and Sampson,'* he analyzed the sj^ptoms in fifty patients whose 
chief complaint was chest pain. It Avas bilateral in most instances, and a com- 
mon zone was over the heart with radiation to the back and left upper extremity. 
■ niild in their cases, and although pain might appear abruptly, 

Tb ' the crushing or tearing qualities that prevented other activities, 

they stressed the bothersome, nagging character of the pain, which was ag- 
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gravated by certain positions and movements of the spine and never severe 
enough to require opiates. They maintained further that radiat on did not occur 
from the precordium directly to the side of the neck, to the occiput, or to the 
jaw in any instance and that no autonomic nervous phenomena, such as saliva- 
tion or sweating, occurred. They were obviously describing the milder form of 
the s^mdrome and not the type of case reported here that so strikingly resembles 
coronary disease. 

In 1934, Nachlas“ considered the radicular syndrome and presented three 
case reports, two of which simulated heart disease. One patient who had been 
kept in bed for severe precordial pain was promptly relieved by traction. Two 
years later, Hanflig® reported five cases of osteoarthritis of the spine with shoulder 
girdle pain of radicular origin. One of his patients also had substernal and pre- 
cordial pain relieved by traction. In 1942, Kelly^ summarized the clinical fea- 
tures in forty cases with chronic cervical arthritis. Eight of these had chest 
pain characterized as pseudoanginal. In the same year. Smith and Kountz® re- 
ported four cases with anginoid pain due to spinal deformities and arthritis, 
and in two of these the pain was described as a substernal oppression. The 
syndrome was discussed again in 1943 by Hanflig® and by Martin.*® 

The occurrence of substernal pain as a result of sensory nerve root irritations 
is understandable, for the pain in coronary disease and radiculitis are both 
referred from the skin along the same path. In the former, according to theory, 
there is an irritable focus in the cord; in the latter, in the nerve root itself. It is, 
therefore, not surprising that the pain of radiculitis has the location, distribution, 
and characteristics of true coronary pain. In the cases reported, this pain was 
often substernal or precordial in location and was most often 'described as an 
oppressive, viselike, constricting pain. 

The segmental distribution of the spinal nerves has been established and 
mapped out by various workers, and the roots generally involved in chest pain 
are the second to seventh dorsal. It will be recalled that when symptoms were 
reproduced by pressure over a given vertebra in the cases reported, the pain did 
not necessarily correspond with the segmental distribution of that root. This is 
explained by the fact that pressure over one region of the spine can exert nerve 
root irritation at some distance from this region. Pain over the precordium, 
corresponding to the fourth dorsal root, for example, could be elicited in one 
patient (Case 10) by pressure at any point from the second to the seventh dorsal 
vertebrae. 

Many of these patients also had marked tenderness in the region of the 
costochondral junctions, particularly of the second to fifth left ribs. It fre- 
quently persisted long after acute symptoms had disappeared spontaneously or 
after orthopedic treatment. In several instances, it was reduced or temporarily 
abolished in the course of traction applied to the cervical spine.** This sign is 
common in patients with generalized hypertrophic arthritis and joint symptoms 
of the extremities. It was found in several patients with symptoms of cervical 
radiculitis who did not have chest pain at that time. 

A close relationship between arthritis of the spine and radicular symptoms 
has been pointed out by several authors.®'®’ *®'*'* Smith and Kountz also stressed 
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the role of postural defects, and maintained that they were more significant 
than the roentgenogram findings of osteoarthritis. They called attention to 
straightening, stiffening, and kyphosis with markedly decreased movement of 
the spine. Many of the patients reported here also had postural changes and 
several had an old historv' of low back syndromes. 

In addition to chest pain, many of the patients had symptoms of cervical 
radiculitis. This is not une.xpectcd, for osteoarthritis of the spine is usually 
generalized, and a postural strain at one point is not infrequently transmitted 
to another. Cervical symptoms, therefore, should at least alert us to the possi- 
bility of simultaneous involvement of the dorsal roots. Kelly stressed the 
occurrence of two less commonly appreciated symptoms of this syndrome, 
namely, suboccipital headache and vertigo. One patient with chest pain also 
had incapacitating attacks of vertigo that were immediately relieved by manipu- 
lation and traction. The presence of cervical symptoms led to a reinvestigation 
of the chest pain, which subsequently proved to be of radicular origin. Patients 
with the s^mdrome frequently have pain and stiffness of the neck, and examina- 
tion reveals muscle spasm* and tenderness with limitation of motion, particu- 


larl}’^ on rotation of the head. 

During acute attacks, many patients also complained of a peculiar respira- 
tory difficulty characterized as an inability to take a deep breath. With this 
restriction of respiration, breathing was, at times, rapid and shallow. Inability 
to take a deep breath is a common symptom of an anxiety neurosis and, particu- 
larly when chest pain is atypical, it may easily be mistaken for a psychosomatic 
complaint. With this in mind, patients presented here were studied carefully 
and at length to exclude this possibility. In several of the cases reported, the 
respiratory symptoms were also provoked by pressure over the dorsal spine. Such 
respiratoiA’^ symptoms may also occur in attacks as the presenting complaint with 
little or no chest pain and be mistaken for attacks of cardiac asthma.^“ One 
patient with repeated attacks suggesting cardiac asthma was seen with Hanflig. 
Within a few daj’^s after traction treatment, these symptoms completely dis- 


appeared and have not recurred during the past twelve months. The exact 
mechanism is unknown. It is probable that, as in cervical radiculitis, the motor 
roots are also involved, causmg muscle spasm and an inhibition of respiration. 

Coronary disease and hypertrophic arthritis*^of the spine with radicular 
symptoms may coexist in the same patient, for both are common with advancing 
age. At the present time, I have several patients with angina pectoris, past 
myocardial infarcts, and congestive heart failure, who in addition have had un- 
mistakable symptoms of cervicodorsal radiculitis. Physicians are familiar with 
patients followed for angina pectoris, who from time to time, in addition to 
typical attacks also complain of precordial or substernal distress which is often 
mild, unrelated to effort, and occasionally lasts for long periods of time. In 
some, these symptoms are psychosomatic e\ndence of anxiety. In others, how- 
ever, they are due to coexisting ner^m root irritation. Many patients have 
u ere a great deal because of a false impression that such pain was due to their 


♦I am indebted 


to Dr. George AI. Lane for demonstrating muscle spasm in some of these cases. 
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heart disease. On the other hand, it is most important to be alert for manifesta- 
tions of coronary disease in all patients under consideration or treatment for 
radiculitis. This is generally a long illness with acute attacks recurring over a 
period of years, and the possibility of coronaiy disease is ever present. 

Recognition of dorsal radiculitis is not difficult in most instances if the possi- 
bility is at least considered in differential diagnosis. When the chest pain can 
be reproduced by pressure over the dorsal spine, or by forceful flexion of the 
head, the diagnosis is established. The cases reported were largely selected 
because of such findings. Many patients, however, do not show this sign, par- 
ticularly after the acute phase has subsided. In such patients the history will often 
reveal many characteristics of radiculitis. When most of the attacks have oc- 
curred at night in the reclining position, on bending, or in the course of prolonged 
sitting, the radicular syndrome should be suspected. When the histoiy is less 
suggestive, other ortliopedic signs may be present, and the diagnosis can be 
further tested by the therapeutic response. 

A more difficult situation is where, in addition to attacks of severe sub- 
sternal pain, there is also a history of what appears to be atypical angina pec- 
toris. Several patients had chest pain at one time or another in the course of 
walking. A few of these were forced to slow down or stop and the pain appeared 
to be relieved by rest. Such attacks seldom occurred exclusi\'ely in the course 
of walking or continuous exertion as in the early stages of angina pectoris. The 
pain was usually of longer duration, and most often did not cease immediately 
when the patient rested. Nevertheless, the tendency was to give false value to a 
history of this kind when major attacks of chest pain simulating coronary disease 
were under consideration. This was probably responsible for the early mistaken 
diagnosis in Case 4. The history in this case indicated that the relief obtained 
after stopping was probably due to the act of hyperextending his spine. This 
response of “straightening up” and throwing the shoulders back, noted in several 
histories, was often carried out unconsciously by the patient in search of a more 
comfortable position. In several instances, relief was immediate and striking 
and the response was of diagnostic value. 

The importance of recognizing this syndrome cannot be overemphasized. 
The commonness of the syndrome can be judged by the number of cases seen 
during the 3 ^ear 1946. Most of these patients are thought to have coronary 
disease, their activities are curtailed, and their lives often handicapped by the fear 
of an impending attack. It is the author’s conviction that the syndrome will be 
found to be common if its possibility is entertained in differential diagnosis. 
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EXTRASYSTOLES IN GROUPS 


David Scherf, M.D., New York, N. Y., and 
F. J. Romano, M,D., Buenos Aires, Argentina 


/ I 'WO beats following each other within a short time and separated from the 
next identical group by a longer diastole are classified among the allo- 
rhythmias which are called bigeminy or coupled beats. This term, coined prior 
to the electrocardiographic era, includes, however, at least three different dis- 
turbances. First, the succession of groups in which each beat of the basic rhythm 
is followed by a premature contraction; in this instance, the term bigeminy as 
a synonym for coupled rhythm is generally accepted. A second form includes 
examples of an allorhythmia which was later recognized with the aid of the 
electrocardiograph as due to an auriculoventricular block; a 3:2 block, for in- 
stance. The third disturbance is a rare condition which WYnckebach named 
“true bigeminy. ” 27 -28 type, both beats of each group look alike in the 

electrocardiogram, for they originate in the same focus. 

It is the purpose of this communication to describe rare clinical and experi- 
mental tracings of this third form, showing groups of extrasystoles separated 
from other groups by a longer pause. 

A-V NODAL TACHYCARDIA IN MAN 

We have observed a supraventricular tachycardia with extrasystoles in 
groups in only one instance; this occurred in a 45-year-old woman, who suffered 
from a rheumatic mitral lesion and who had almost daily attacks of paroxysmal 
tachycardia. Carotid sinus pressure easily restored sinus rhythm. 

Fig. 1,A shows Lead II obtained during a paroxysm. Groups of two beats 
are close together and are separated by a longer interval from the preceding or 
following group. The successive ventricular intervals in Fig. 1,A measure 0.47, 
0.35, 0.39, 0.35, 0.47, 0.36, 0.42, 0.35, 0.46, 0.36, 0.40, 0.36, 0.47, 0.35, and 0.41 
second. Thus, the difference betAveen the shortest and the longest inten'al 
amounts to 0.12 second. 

The beginning of Fig. 1,B shows a similar arrhythmia during another attack. 
The intervals measure 0.38, 0.50, 0.42, 0.54, 0.40, 0.52, and 0.40 second. The 
registration of the electrocardiogram was interrupted for a fcAV seconds and then 
started again while carotid pressure was applied. As shown in the second part 
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of Fig. 1,B, carotid pressure stopped the tachycardia immediately. This proves 
that we are dealing with a paroxysmal tachycardia. 

The form of the QRS complexes during the attack differs from that during 
regular sinus rhythm. This is, in our opinion, not the result of changes which 
might be anticipated because of the increased rate, since during the arrhythmia 
the form of the QRS complex following the long and the short diastoles remains 
.the same. P waves were never visible in any lead during the tachycardia, even 
in the long diastoles. One must assume, therefore, that the broad, short S wave 
during the tachycardia actually is due to an inverted P wave and that we are 
dealing with a tachycardia originating in the A-V node. 

Fig. 1,C shows an electrocardiogram obtained during another attack, which 
was also abolished by carotid pressure. This time, however, the rhythm was 
regular. The successive cycles during the attack measure 0.38, 0.40, 0,40, 0.40, 
0,38, 0.39, 0.40, 0.40, and 0.40 second. Regular tachycardias and tachycardias 
with group formation appeared often and in an unpredictable manner, 

VENTRICULAR TACHYCARDIA 

Clinical Observations.- — Fig. 2, A shows tracings of Lead III obtained from a 
patient with a ventricular tachycardia of. the type which Gallavardin designated 
as “extrasystolie a paroxysms tachycardiques.” A more detailed description of 
the clinical features of this case has been reported elsewhere .22 In Fig, 2, A, 
groups of two ventricular extrasystoles showing the same form and separated 
from other similar groups by a longer pause are clearly visible. Occasionally, 
sirhple bigeminy appeared; often during attacks of ventricular tachycardia not 
only the form but also the rhythm alternated, and, occasionally during the 
attacks, a regular rhythm was observed without any change in form of the QRS 
complexes. The successive ventricular intervals in Fig, 2, A measure 0.44, 0.49, 
0.94, 0.48, 0.92, 0.48, 0.92, 0.48, 0.52, 0.46, 0.87, 0.44, and 0.45 second. 

In these groups, which often appeared spontaneously, .the long diastole 
separating each group measured exactly twice the length of the interval between 
two extrasystoles which were close together. Thus, the possibility of a rapidly 
working ventricular center with exit block had to be considered, and one was 
inclined to assume that periodically one stimulus formed by the extrasystolic 
center was not conducted to the ventricle. 

The extrasystoles of this patient were always abolished temporarily by 
quinine and quinidine. Fig. 2, B, C, and D shows three strips of tracings in Lead 
III which were obtained immediately after the intravenous injection of 0.4 Gm. 
of quinine bihydrochlbride. Between the tracings B and C, as well as between 
C and D, strips with about twenty contractions are omitted. 

The beginning of Fig. 2,B shows the tachycardia with alternating forms of 
ventricular complexes and an alternation of the length of diastole, the usual type 
of arrhythmia found in this patient during several years of observation. The 
tachycardia ended suddenly about thirty seconds after the injection (middle of 
Fig. 2,B). One bigeminal group. appears with a ventricular extrasystole coupled 
to a normal sinus beat. From then on groups of two abnormal beats appear. 
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separated from each other by a long inter\’'al, and only occasionally is a su- 
praventricular beat interposed. The successive diastoles in Fig. 2,B measure 
0.42, 0:56, 0.42, 0.52, 0.42, 0.56, 0.40, 0.56, 0.42, 0.86, 0.38, 1.04, 0.46, 1.02, 0.44, 
0.60, and 0.44 seconds. The intervals in Fig. 2,C are 0.44, 0.72, 0.46, 0.80, 0.44, 
1.01, 0.46, 1.04, 0.45, 1.08 , 0.46, 0.80, 0.44, 0.78, 0.44, and 1.06 seconds. 

The same rhythm is registered in Fig. 2,D when a sinus rhythm suddenly 
appeared. The intervals measure 0.44, 0.74, 0.44, 0.82, 0.44, 0.76, 0.46, 0.76, 
0.48, 0.76, 0.48, 0.80, 0.85 , 0.74, 0.60, and 0.62 second. 

Accordingly, in this patient group formation was spontaneous during attacks 
of ventricular tachycardia and appeared when the administration of quinine 
changed the rhythm from a ventricular tachycardia to a normal sinus rhythm. 

Experimental Ohsetvations . — Similar tracings were seen in experiments on 
dogs and were obtained under a variety of conditions. 



Fig. 3. — Dog experiment, Lead II. A shows the end of a paro.xysmal %’entricular tachycardia 
caused by application of a 1 per cent solution of barium chloride to the cardiac surface. Stimulation 
of the right sympathetic nerves of the heart causes the tachycardia to reappear (Fig. 3, B) ; a few seconds 
later, groups of extrasystoles emerge (Fig. 3, C). 

Fig. 3 demonstrates the end of a paroxysmal ventricular tachycardia (Lead 
II) which appeared after brushing a 1 per cent solution of barium chloride on a 
small area of the conus of the right ventricle. This area was about 3.0 mm. in 
diameter The successive diastoles during the tachycardia measuie 0.32, 0.32, 
0.33, 0.33, 0.33, 0.32, 0.34, and 0.35 second,, a gradual slowing occurring toward 
the end. The tachycardia is followed by a regular sinus rhythm. Stimulation 
of the cardiac branches of the right sympathetic nerve by means of a strong 
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faradic current caused the ventricular tachycardia to reappear at a rate of 180 
to 214 beats per minute. The individual diastoles were 0.28 to 0.32 second 
(Fig. 3,B): About 4.5 seconds later, Fig. 3,C was recorded. In this tracing there 
are groups of two abnormal beats with alternating length of the diastoles. The 
intervals in Fig. 3,C, obtained during the tachycardia, measure 0.31, 0.36, 
0.33, 0.39, 0.32, 0.40, 0.34, 0.41, and 0.36 second and the greatest difference 
amounts to 0.1 second. 

A similar disturbance was observed during vagus stimulation. Fig. 4, A 
(Lead II) was registered during another dog experiment in which a 5 per cent 
solution of barium chloride was brushed on the conus of the right ventricle. 
Single ventricular extrasystoles appeared and came so late in diastole that they 
were preceded by normal P waves (beginning of Fig. 4, A). The right vagus in 
the neck was stimulated with a faradic current at the sixth systole in Fig. 4, A, 
as indicated on the tracing by a slight slurring produced by the faradic current. 
With the beginning of this stimulation groups of two or three ventricular extra- 
systoles appear at once*® and they are separated by a longer pause. The suc- 
cessive diastoles in Fig. 4, A measure 0.41, 0.51, 0.45, 0.51, 0.50, 0.45, 0.41, 0.62, 
0.41, 0.61, 0.44, 0.41, 0.60, 0.46, and 0.40 second. In Fig. 4,B, a continuation 
of Fig. 4, A, the diastoles have the following lengths: 0.44, 0,42, 0.60, 0.49, 0.42, 
0.56, 0.44, 0.42, 0.60, 0,46, 0.40, 0.55, and 0.42 second. The end of the vagus 
stimulation is marked by the disappearance of the alternating current approxi- 
mately in the middle of Fig. 4,B. The extrasystoles soon vanished and regular 
sinus rhythm followed. 

Similar arrhythmias appeared occasionally without stimulation of the car- 
diac nerves when a solution or a few crystals of barium chloride Avere applied to 
the cardiac surface, or when the solution was injected subepicardially. A regular 
tachycardia always follows the application of sodium chloride solutions*® whereas 
solutions of barium chloride, digitalis, or strophanthin®* often lead to irregular 
tachycardias and the formation of groups. Similar irregular tachycardias follow 
an intravenous injection of barium salts. 

Fig. 5,A , shows the electrocardiogram before, and Fig. 5,B, after the appli- 
cation of a 5 per cent solution of barium chloride to the apex of the right ven- 
tricle near the anterior coronary sulcus, The'extrasystoles appeared after a latent 
period of eight minutes. Group formation Avith longer pauses between the groups 
is clearly visible. The successive diastoles in Fig. 5,B haA'^e the following lengths: 
0.43, 0.48, 0.61, 0.45, 0.46, 0.53, 0.56, 0.64, 0.47, and 0.49 second. 

About twelve minutes later, the extrasystoles disappeared. Faradic stimu- 
lation of the cardiac branches of the left sympathetic nerA>-e caused at first a 
sinus tachycardia and, after this subsided, a series of extrasystoles appeared 
AAuth fixed coupling (Fig. 5,C), originating in the same focus as the abnormal 
beats of Fig. 5,B. Suddenly, groups of tAA^-o extrasystoles reappeared, separated 
by a longer pause. The last five cycles in Fig. 5,C measure: 0.42, 0.52, 0.46, 
0.73, and 0.46 second. 

Finally, similar groups Avere produced by Avarming the focus of origin of the 
extrasystoles by a thermode. Fig. 6 shoAA's an electrocardiogram Avhich AA^as 
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registered in an experiment in which 0.05 c.c. of Strophosid* was injected sub- 
epicardially on the conus of the right ventricle. Each normal beat was followed 
for a time by four extrasystoles. Warming of the area of injection with strict 
avoidance of mechanical irritation led to an acceleration of rate and an increase 
of the number of the extrasystoles. The beginning and the end of the warming 
period is indicated by the short horizontal black lines in Fig. 6. After the warm- 
ing was stopped, the extrasystoles persisted for a few seconds and again groups 
of two extrasystoles, separated bj'- a longer interval, are present. The suc- 
cessive diastoles in the last third of Fig. 6 measure 0.32, 0.34, 0.37, 0.31, 0.39 
0.31, 0.38, 0.32, 0.39, 0.32, 0.38, 0.31, and 0.38 second. 

In this way groups of two or three extrasystoles formed after the application 
of barium chloride to the cardiac surface with and without vagus or sympathetic 
stimulation. , The same disturbance of rhythm appeared on warming the focus 
of origin of strophanthin extrasystoles. 

DISCUSSION 

When bifid pulse curves were observed in experimental and clinical tracings, 
the term “pulsus bigeminus” was applied because it was correctly assumed that 
these pulses were due to a rapid succession of two systoles, followed by a longer 
pause.-^’"® The underlying cardiac action was called bigeminy, and for many 
years the phenomenon was not sharply separated from alternating pulse, \\dien 
it was discovered that the intermittent pulse is, in most instances, caused by 
premature contractions or extrasystoles, pulsus bigeminus was explained by the 
appearance of extrasystoles following every beat of the basic rhythm. 

Some authors, however, insisted that pulsus bigeminus was created by a 
different mechanism and had no relationship to extrasystoles.® These authors 
did not regard the term bigeminy as applicable to a disturbance in which some 
beats Avere due to normal systoles and others to extrasystoles, caused by a pre- 
sumably different mechanism and originating in a different part of the heart. 
It AA^as proposed to reserve the term bigeminy or “true” bigeminy exclusively for 
cases^’’ in Avhich both beats AA^ere formed in the same AA^ay and originated in the 
same focus. 

LeAAUs agreed that a bigeminy AA'ith both beats having the same form in the 
electrocardiogram represented an arrhythmia of a totally different character 
than the usual bigeminy of coupled rhythm. But he called the term “true 
bigeminy” premature, since the e\ddence for irregular stimulus formation in one 
locality AA^as insufficient at that time.*^ His proposal to use the term “bigeminy” 
only in the sense of coupling AA^as almost generally accepted.f^® 

The term “true bigeminy” probably aahII not become popular because it 
arose out of the controA^ersy just discussed. “TAAan contraction” is merely a 
translation of bigeminy and this term, like that of "paired extrasystoles,” is not 


*Sandoz Chemical AYorks, Inc., New York, N. Y. 

•{■Before the use of the electrocardiograph, a true bigeminy was differentiated from extrasystoles 
by the absence of a compensatory pause. Subsequently, it tvas shown that most instances originally 
described as true bigeminy were actually the result of a complete auriculoventricular block ■(tith extra- 
systoles. 
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applicable because sometimes more than two abnormal beats follow each other 
directly (Fig. .3). Therefore, "extrasystoles in groups” seems to us to be the 
best designation for the present. 

Several years ago, we occasionally saw in the experimental animal tracings 
of this kind. In a dog who received barium chloride intravenously in doses too 
small to cause any disturbance of rhythm, warming of a small area of the ven- 
tricular surface with a thermode evoked extrasystoles in groups of two. Both 
beats of each pair looked identical and were separated from each other by a 
diastole of 0.30 second, while the pause between each group measured 0.47 
second.-® , A similar distrubance Avas observed after the administration of aconi- 
tine.^® Here again aconitine, per se, did not cause any change in the electro- 
cardiogram. During faradic vagus stimulation, however, groups of tAVO extra- 
systoles having the same form appeared. The single extrasystoles were separated 
by a diastole of 0.24 second, Avhile the long pause betAveen the groups averaged 
0.64 second. 

Clinically, similar changes in the length of the diastole Avere observed, es- 
pecially during a paroxysm of auricular tachycardia. These cases Avere described 
as examples of alternation of the length of diastole, since a short pause Avas regu- 
larly folloAved by a long one. In a study on the constancy of rhythm during at- 
tacks of paroxysmal tachycardias, made under the direction of one of us, Mac- 
Kinnon^® described the tAA^o patients from AA'hom Figs. 1 and 2 Avere obtained. 
The tracing of one case (Fig. 1) at that time AA’as AA'rongly interpreted asshoAving 
a paroxysmal auricular tachycardia. Being interested only in the presence of 
an arrhythmia during the tachycardia, the alternation of cycle length AA-as not 
stressed nor discussed. 

In a series of eight unselected cases of paro.xysmal auricular tachycardia, 
differences of the interventricular interval of 0.0358 second only AA'ere found AA'ith 
an occasional slight tendency to alternation.® Definite alternation of cycle length 
in the auricle in a case of paroxysmal auricular tachycardia AA’-as reported by 
Katz,“ and during auricular flutter by Wilson.®® The alternation of cycle 
length during paroxysmal auricular tachycardia AA'as the subject of a special 
study by Barker, Johnston, and Wilson.® This phenomenon AA’as found in ten 
out of 100 unselected cases of paroxysmal auricular tachycardia. The differences 
in cycle length reached in some instances almost 0.1 second. 

Occasionally, the first beat folloAAnng an extrasystole shoAA’’s the same form 
as the extrasystole. This A\^as seen at first by LeAAUs in auricular extrasystoles.^^ 
If this abnormal beat after the postextrasystolic pause is folloAA’^ed by an extra- 
systole of the same form, the disturbance shoAAm in Fig. 2 appears. This phe- 
nomenon has been observed repeatedly in ventricular extrasystoles,®'^’*®’^® par- 
ticularly during the administration of digitalis. It AA’^as also registered during 
complete auriculo ventricular block.®® 

The mechanism underlying the appearance of groups of extrasj^stoles rep- 
resents an unsolved problem. When encountered during a tachycardia, the 
possibility of a circus movement alternately using a path of different length has 
been stressed.® If found Avith- a sloAver cardiac acth-ity and isoelectric pauses 
betAA’^een single groups, another mechanism must be present. The question 
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arises whether both beats are formed in the same manner or whether they are 
due to different types of stimulus formation. The separation of an automatic 
stimulus formation (such as the normal sinus rhythm, some A-V rhythms, or an 
idioventricular rhythm) from abnormal heterogenetic rhythms (such as extra- 
systoles) has been abandoned by Lewis, but is, in our opinion, necessary. Auto- 
matic stimuli are formed “by themselves” while there is no doubt that an extra- 
systole with fixed coupling is related to and caused by the preceding beat. 

It is possible that under certain conditions two or more discharges take place 
in a center, as seen occasionally in a nerve^® or muscle fiber.^’i’' Multiple response 
to a constant stimulus is possible.® Double discharges, bigeminy, have been 
registered from the so-called Pur kin je fibers under a variety of conditions.®’®' 
Grouped dischaiges, “each group made up of two or more impulses closely 
spaced,” were seen in skeletal muscle fibers.’ 

Another interpretation of these tracings might be based on the assumption 
that a rapid regular stimulus formation takes place. One of the stimuli is peri- 
odically blocked, so that a longer pause results. In this case the pause caused 
by the blocked beat could measure double the period between the beats, which 
are close together. It could, however, be shorter, if one assumes that one of the 
e.xtrasystoles formed in the center is conducted rapidly to the chamber in which 
the center is situated, another one is conducted with some delay, and the third 
one is blocked. We would have a 3:2 block after the manner of a Wenckebach 
period. This possibility has been considered repeatedly.®’®® 

With a very rapid stimulus formation, such as is encountered in flutter, an 
alternation of the length of the auriculoventricular interval has been observed 
repeatedly in clinical tracings.® During electric stimulation of the auricles of 
the dog, with high rates, alternation of intra-auricular conduction has appeared.’® 

Barker, Johnston, and Wilson are inclined to favor a circus movement as 
the cause of auricular paroxysmal tachycardia, and base their position largely 
upon the occurrence of an alternation of cycle length. The authors know “of no 
published examples of alternation in cycle length, which have been clearly 
shown to depend solely upon the discharge of impulses by a single center.” 
The appearance of extrasystoles in groups following the topical administration 
of barium salts (Fig. 5) and of a regular alternation of cycle length on warming 
the point of origin of strophanthin extrasystoles (Fig. 6) speaks against a circus 
movement as the cause of alternation in the tracings reproduced and shows that 
an irregular discharge of stimuli in a center, or a regular stimulus formation with 
irregular conduction, must be responsible. The latter possibility and a circus 
movement are improbable in those tracings in which the single groups are sepa- 
rated by very long pauses (Fig. 2). 

Our present knowledge of these arrhythmias and of the physiology of stim- 
ulus formation does not permit one to decide whether the underlying mechanism 
is always the same. It is even uncertain whether the alternation of cycle length 
during a tachycardia has the same mechanism as the same phenomenon when 
the heart is slow. 
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SUMMARY 

Instances of alternation of cycle length during an A-V nodal tachycardia 
and during a paroxysmal ventricular tachycardia in man are described. In the 
latter case a similar phenomenon was observed during the change from the tachy- 
cardia to sinus rhythm following an intravenous injection of- quinine. 

Application of barium chloride or strophanthin to small areas of the cardiac 
surface of the dog also causes groups of extrasystoles separated by longer pauses. 
These arrhythmias were often elicited during vagus and following sympathetic 
stimulation in these experiments. Finally, the phenomenon was observed dur- 
ing warming of the site of origin of extrasystoles produced by subepicardial in- 
jection of strophanthin. 

Similar observations in the literature are discussed. The different mecha- 
nisms which may lead to this disturbance of rhythm are reviewed. Irregular 
stimulus formation in a center is probable; regular stimulus formation with a 
disturbance of conduction from the center to the rest of the heart is possible only 
in some of these tracings. 
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THE USE O?' DICUMAROL IN EXPERIMENTAL CORONARY 

OCCLUSION 


1. The Ineffectiveness of Dicumarol When Ligation Is the 
' Method of Occlusion 


liDWAKD J. Beattie, M.D., Elliot C. Cutler, M.D.,t Mercier Fauteux, M.D.. 
Tho^Ias D. Kinney, M.D., and Harold D. Levine. M.D. 

Boston, Mass. 


U NTIL recently the treatment of acute coronary thrombosis has been directed 
generally toward the control of its symptoms or to the prevention or con- 
trol of its complications. By and large it has not been concerned with the under- 
lying pathologic process. However, the successful use of anticoagulant therapy 
in certain other thrombotic or thromboembolic disease states during the last 
few years has stimulated* the trial of a similar approach to the treatment of 
acute coronarj' thrombosis. In the three clinical reports thus far available, the 
results seemed encouraging. In the first report, Nichol and Page, Jr.,- described 
an 18 per cent mortality in fift}' attacks of coronary thrombosis seen in forty'- 
four unselected private patients treated with Dicumarol. All of the tAventy-si.v 
patients who were treated in their first attack sur\uved. No mural thrombi 
nor systemic or pulmonary emboli were found in six autopsied cases. In only 
one patient Avas there clinical CA-idence of pulmonary’^ embolism and this patient 
had not receiA^ed an optimal dose of Dicumarol. In the second studyL^ a com- 
parison of fifty dicumarolized patients A\’ith sixty' nondicumarolized patients 
reA'ealed a reduction of embolic phenomena to one-eighth and of mortality' rate 
to one-fifth in the former group. In the third inA'estigation, Wright* found an 
11 per cent mortality' among forty'-three patients treated A\ith Dicumarol. He 
considered this group to haA'e an e.xpected mortality' of 60 to 70 per cent from 
such complications as propagation of coronary' artery thrombi, formation of 
multiple thrombi, or dissemination of peripheral emboli. Wright also found a 
12 per cent mortality' rate among thirty'-three patients in their first or second 
uncomplicated attack of coronary' thrombosis, in Avhom he estimated the antici- 
pated death rate as 20 to 30 per cent, but hesitated to conclude that Dicumarol 
AA'as effective in this group. 

The only experimental study of this subject is that of Solandt and BesU A\'ho 
found that preliminary heparinization of dogs in large part preA'ented the artificial 

From the Departments of Surgery, ^ledicine, and Pathology, Peter Bent Brigham Hospital and 
Harvard Medical School. 
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production of thrombi in the left coronary artery, as well as the resultant infarct, 
following the introduction of sodium ricinoleate into the lumen of a section of 
the artery and its retention there for a few minutes. The clinical limitations of 
this approach were conceded. We are aware of no experimental investigation 
of the effect of anticoagulant therapy upon coronary thrombosis and myocardial 
infarction once these conditions have been induced.* It seemed worthwhile, 
therefore, to determine the effect upon experimental coronary artery occlusion 
of anticoagulant therapy begun after the thrombotic process had already been 
initiated. This method offered the opportunity to study not only the survival 
rate of treated, as compared with untreated, animals, but also the effect of 
treatment upon the evolution of the electrocardiographic changes and the gross 
and microscopic changes in the heart. 

METHODS 

Experiments were done on forty healthy dogs of both sexes. The dogs 
were anesthetized with intravenous Nembutal (30 mg. per kilogram of body 
weight). The dogs were placed on the left side, the chest shaved, and an electro- 
cardiogram was taken of the three limb leads and one apical precordial lead 
paired with the left limb. lead. A rubber endotracheal tube was introduced to 
prevent insufflation of air after the thorax was opened. The- left side of the chest 
was opened aseptically, and five to six inches of the fifth rib were resected. Care 
was taken to obtain good hemostasis with fine silk ligatures. The lung was packed 
away with a moistened gauze pack and the ribs spread with a self-retaining 
retractor. The pericardium was opened longitudinally. A point on the descend- 
ing branch of the left coronary artery approximately 3.0 cm. from the orifice 
of the left coronary artery was selected. The exact points of the ligations are 
given in Tables I and II. The epicardium was incised and a segment of the 
descending branch teased free by blunt dissection; the freed vessel was ligated 
with a fine silk ligature. On rare occasions, the vein accompanying the descend- 
ing branch had to be ligated as well as the artery. 

At first, attempts were made to produce thrombosis by crushing the artery. 
In most instances the vessel was observed to be occluded during the operative 
procedure. However, 'the electrocardiographic changes in these animals were 
‘minimal and subsequent pathologic studies showed, with two exceptions, normal 
myocardium and patent coronary arteries. In the later experiments ligation was 
used exclusively. 

The pericardium was left open. The chest wall was closed with interrupted 
linen sutures to the pleura and deep muscles, and interrupted silk sutures were 
used for the superficial muscles and skin. No dressing was applied to any of the 
wounds. An electrocardiogram was taken immediately postoperatively. If 
anticoagulant therapy was to be used, Dicumarol, 5.0 mg. per kilogram of body 

*Since this paper was written, Blumgart, H. L.. Preedberg, A. S., Zoll, P. M., and Lewis, H. D., 
reported on “The Effects of Dicumarol in E.xperimental Acute Coronary Occlusion’’ before the New 
England Heart Association on Feb. 24, 1947. Their method was somewhat different but their con- 
clusions were substantially the same as those reported here. 
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weight, was given by gavage while the animal was still anesthetized. Subse- 
quent daily doses were given in capsules in meat.* 

The prothrombin time was determined daily in the animals receiving Dicu- 
marol. An attempt was made to keep the prothrombin lime between 10 and 30 
per cent of the protlirombin time of a normal dog. If the prothrombin time 
was between 10 and 30 per cent, 0 to 2.5 mg. per kilogram of body weight were 
given, depending upon the history of that animal's response to Dicumarol. 
If the prothrombin time was over 30 per cent, 2.5 to 5.0 mg. per kilogram of 
body weight were given. 

The same difficulty was experienced in keeping the prothrombin times in 
the optimum 10 to 30 per cent range that was found in human patients. To err 
on the radical side, the dogs were kept below a 10 per cent prothrombin time, 
rather than over 30 per cent. Most of the dogs had prothrombin times under 
30 per cent on the second postoperative day. Due to the use of Dicumarol 
immediately following operation, and perhaps in part due to the relatively large 
doses, hemorrhage was occasionally troublesome. Of nineteen dogs, only six 
had prothrombin times over 35 per cent of normal after the first forty-eight 
hours. Of these six dogs, only three had more than one determination above 
35 per cent. 

The prothrombin times were determined on venous blood with Maltine thromboplastin, 
employing a modification of Quick’s method and using a thromboplastin suspension.®-* A deter- 
mination was run on each dog in 100 per cent plasma and in 20 per cent plasma. Normal, un- 
treated dogs were used as controls. The normal prothrombin time in 100 per cent plasma \\'as 
about seven seconds. The values were expressed in per cent of normal, the percentages being 
taken from a chart which had been plotted from actual dilutions of plasma from which all pro- 
thrombin was removed by repeated Seitz filtering. 

Electrocardiograms were taken daily for the first week postoperatively and 
also on the fourteenth postoperative day just before the animal was autopsied. 
Following operation, the animals were active in their cages. They received the 
standard planned ration of food used in the animal farm. 

RESULTS 

Group I comprised five dogs which were used as controls and did not re- 
ceive Dicumarol (see Table I). The descending branch of the left coronary- 
artery was crushed. 

One animal died forty-five minutes following operation. The left coronary 
artery in this animal was crushed 1.5 cm. from its point of origin. It was con- 
sidered that the point of occlusion was too high to be compatible with sur\nval. 
Subsequent crush and ligation experiments were therefore done at lower levels. 
A second dog which had developed no electrocardiographic changes died during 
the night of the fourth postoperative day, and no infarct was found. The three 
remaining dogs showed minimal or nonspecific electrocardiographe changes, 
such as T-wave reversal or ventricular premature beats. One dog had an infarct 

*The Dicumarol was a preparation manufactured by Ell Lilly and Company. Indianapolis, Indiana, 
and marked as Dicumarol, Pulvules 271 . 
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measuring 2.0 x 0.3 x 1.5 cm. on the left anterior side of the septum with the 
typical histologic changes ■ seen in myocardial infarction. Another dog had 
persistent slight elevation of RS-T^ and slight depression of RS-T2 and RS-T3. 
Examination of the heart in this dog showed no areas of infarction. The third 
animal had nonspecific electrocardiographic changes (T-wave reversal, ventricular 
premature beats) and small focal areas of infarction were found in the heart. 

In short, one of the five animals should be excluded, because it did not live 
long enough for the purpose of the experiment. This leaves four animals which 
can be. considered as satisfactory'- from the point of view of the experiment. One 
animal showed neither electrocardiographic nor pathologic changes. Of three 
animals showing electrocardiographic changes, two developed myocardial in- 
farcts and one did not. 


Table I. Experimental Crushing of Descending Branch Left Coronary Artery 


E.XPERI- 


DISTANCE OF 
LESION FROM 

ELECTROCARDIOGRAPHIC 


MENT 

COURSE 

CORONARY ORIFICE 
(CM.) 

CHANGES 

HEART 


, Group L Dogs Receiving No Dicnmarol 


1 

Died 4 days P. 0. 

2.5 

None 

No infarct 

2 

Died 45 min. P. 0. 

1.5 

None 

No gross 
abnormality 

3 

Autopsy 14 days 

3.5 

Persistent slight elevation 
RS-T 4 and depression 
RS-T 2 and 3 

No infarct 

4 

Autopsv 14 days 

2.9 

VPB, T-wave reversal 

Infarct 

6 

Autopsy 14 days 

4.3 

VPB, reversal Ti, 2 , and s 

Infarct 


Group II. Dogs Receiving Dicumarol 


5 

Died 1 day P. 0. 
(hemorrhage) 

3.9 

None 

No infarct 

7 

Autopsy 14 days 

2.8 

Slight elevation RS-T 2 and 3 , 
normal by 6 th day 

No infarct 

9 

Died 13 days P. 0. 
(empyema) 

2.9 

Transient reversal T 2 and s 

No infarct 

11 

Autopsy 14 days 

2.6 

None 

No infarct 

. 12 i 

Autopsy 14 days 

3.2 

Slight elevation RS-T 2 and 3, 
normal by 6 th day 

No infarct 

14 

Autopsy 14 days 

No lesion found 

Slight depression RS-T 2 and 3, 
normal 1 day P. 0., 1st 
degree heart block; 
normal 14 days P.O. 

No infarct 


Koy to abbreviations: VPB — ^ventricular premature beats. 

P.O. — postoperatively. 


Group II was rnade up of six animals which received Dicumarol after the 
descending branch of the left coronary artery was crushed (see Table I). One 
animal died of hemorrhage the day following operation and showed neither 
electrocardiographic changes nor myocardial infarction. One animal did^not 
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Table II. Experimental Ligation of Descending Branch of Left Coronary Artery 




DISTANCE OF 


i 

EXPERI- 


LESION FROM 

ELECTROCARDIOGRAPHIC 


MENT 

COURSE 

CORONARY ORIFICE 

CHANGES 

HEART 



(CM.) 

1 




Group III. Dogs Receiving No Dicumarol 


16 

Autopsy 14 days 

2.5 

Slight depression RS-Tsanda, 
slight elevation RS-T^; 
RS-Tj and 3 normal on 
14th day, RS-T 4 still 
elevated 

No infarct 

17 

Died during 
operation 

3.2 

Ventricular fibrillation 

No gross 
abnormality 

18 

Died during 
operation 

— 

Ventricular fibrillation 

No gross 
abnormality 

19 

Autopsy 14 days 


Elevation RS-T< and de- 
pression RS-T 2 and 3 : 
VPB singly and in runs; 
normal 9 davs P.O. 

Infarct 

20 

Autopsy 14 days 

3.0 

RS-T displacement, normal 

1 3 days P.O. VPB disap- 

pearing bv 4 days P.O. 

Infarct 

21 

Autopsy 14 days 1 

2.7 

Persistent RS-T displace- 
ment, reversal T1-3. 

VPB and APB 

Infarct 

22 

Autopsy 14 days 

1 

i 

1 

3.6 

Persistent RS-T displace- 
ment, S-A block, 

T" and s reversal and 
APB disappearing by 5 
days P.O. 1 

Infarct 

23 

Autopsy 14 days 

3.2 

Depression RS-Tj, normal 

14 days P.O. 1 st 
degree A-V block, 
normal 7 days P.O. ; S-A 
block normal 14 days 
P.O. Persistent T-\vave 
reversal 

Infarct 

24 

Autopsy 14 days 

3.5 

T-\vave reversal and VPB, 
normal bj' 7 daj's P.O. 

Infarct 

27 

Died during 
operation 

3.5 

Ventricular fibrillation 

No gross 
abnormalitj' 

30 

Died during 
operation 

2.5 

Ventricular fibrillation 

Traumatic 

hemorrhage 

32 

Died during 
operation 

2.8 

No electrocardiogram. 
Probably ventricular 
fibrillation 

No gross 

abnormality 

35 

Autopsy 14 days 

5.0 

Elevation RS-Ti and 4 , 
elevation RS-Tj and 3 
with “late inversion" 
normal 4 days P.O., 
T-wave reversal normal 

4 days P.O. 

-No infarct 

36 

Autopsy 14 days 

! 

6.5 

Elevation RS-T 4 with 
“late inversion” and 
T-wave reversal; VPB 
singly and in salvos; all 
normal 4 days P.O. 

Infarct 
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Table II. Experimental Ligation of Descending Branch of 
Left Coronary Artery — (Cont’d) 


• 


DISTANCE OF 



EXFERI- 

i 

LESION FROM 

ELECTROCARDIOGRAPHIC 


MENT 

COURSE 

CORONARY ORIFICE 

CHANGES 

HEART 


i 

1 

(cm.) i 

1 

1 

1 



Group 7F. Dogs Receiving Dicumarol 


8 

Autopsy 14 days 

2.8 

Elevation RS-T 2 and 3 and 
S-A block, normal 14 
days P.O. Ventricular 
tachj'cardia, normal 3 
days P.O. 

Infarct 

10 

Autopsy 14 days 

2.8 

(Not ramus 
descendens) 

Persistent elevation RS-T 4 
and depression RS-Tj. 
VPB and ventricular 
tachycardia, normal 3 
days P.O. 

No infarct 

13 

Autopsy 14 day.s 

3.4 

Elevation RS-T 4 and de- 
pression RS-Ta and 3, 
normal 7 days P.O. 

VPB and ventricular 
tachycardia, normal 3 
days P.O. 

Infarct 

. 15 

Died 4 days P.O. 
(hemothorax) 

4.0 

Elevation slight RS-Tj, 
slight depression RS- 
Ta and 3, still present 4 
days P.O., VPB disap- 
pearing 4 days P.O. 

Infarct 

25 

Autopsy 14 days 

! 3.7 

i 

RS-'T displacement, normal 
14 days P.O. ; VPB 
normal 4 days P.O. 

Infarct 

26 

Autopsy 14 days 

1 

2.3 

Persistent elevation RS- 
! Ti and 4 , and depression 

1 RS-T 3 . VPB normal 4 

days P.O. 

Infarct 

28 

Autops)- 14 days 

3.1 

Elevation RS-Ti, depression 
RS-Ta and 3 , normal 14 
days P.O. VPB, normal 
4 days P.O. 

No infarct 

, 29 

Autopsy 14 days 

3.4 

RS-T displacement. No elec- 
trocardiogram after 7 th 
day 

Infarct 

31 

Died 7 daj^s P.O. 

3.5 . 

Depression RS-Ti, 2 , and 3, 
normal 4 days P.O. 

Infarct 

33 

Autopsy 14 days 

4.2 

Depression RS-Ta and 3 , 
normal 7 days P.O. VPB 
normal 2 days P.O. 

Infarct 

34 

Died 4 days P.O. 

Too decomposed 
to examine 

Elevation RS-Ti and 4 with 
"late inversion” and 
VPB, still present 3 
days P.O. 

Too decom- 
posed to 
e.xamine 

37 

Died 8 days P.O. 

3.8 

Elevation RS-T 4 , depression 
RS-Ta and 3. still present 
6 days P.O.; APB and 
VPB normal 4 days 

P.O.; paroxysmal ven- 
tricular tachycardia, 
normal 2 days P.O.; A-V 
block normal 4 days P.O. 

Infarct 
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Table II. Experimental Ligation of Descending Branch of 
Left Coronary Artery — (Cont’d) 


experi- 

ment 

COURSE 

DISTANCE OF 
LESION FROM 
CORONARY ORIFICE 

(cm.) 

1 

ELECTROCARDIOGRAPHIC 

CHANGES 

! 

! 

HEART 

38 

Died 8 daj s P.O. 

4.0 

RS-T displacement still 
present 7 days P.O.; 

VPB normal 4 days P.O. 

Infarct 

39 

Died 4 days P.O. 

i 

j 

Too decomposed 
lo e.\amine 

Elevation RS-T 4 , depression 
RS-Tj, VPB and ven- 
tricular tachycardia still 
present 2 davs P.O. 

Too decom- 
posed to 
e.xamine 

40 

1 

Died 7 days P.O. 

i 

1 

3.4 1 

RS-T displacement still 
present 5 days P.O.; 

VPB normal 4 days P.O. 

Infarct 

i 


- Key to abbreviations; RS-T elev. (used indiscriminately) — elevation RS-Ti and 4 and depression 

RS-Ti and RS-Tj. 

Vl’B — ventricular premature beats. 

.APB — auricular premature beats. 

S-A block — slnoauricular block. 

A-V block — auriculoventricular block. 

P.O. — posloperatively. 

develop electrocardiographic changes during the fourteen day period of observ^a- 
tion. One dog showed reversal of To and Ts and two showed minor and transient 
RS-T segment displacements. The sixth dog had transient RS-T displacement 
and first degree heart block. The hearts of none of these animals were infarcted. 

In brief, one animal died the day following operation and should be ex- 
cluded. None of the five remaining animals developed myocardial infarction, 
and four of the five showed minor electrocardiographic changes. 

Group III consisted of fourteen animals. These were control animals and 
received no Dicumarol. In each animal the descending branch of the left coro- 
nary artery was ligated (see Table II). Five animals died of ventricular fibrilla- 
tion during the operation. 

Eight animals showed RS-T segment displacement, which was persistent 
during the fourteen da^' period of observation in two dogs and transient in six. 
In addition, five of these had transient ventricular premature beats occurring 
either singlj'- or in short runs. Two developed transient auricular premature 
beats. Two showed slnoauricular block and one, first degree auriculoventricular 
block. Transient T-wave reversal and ventricular premature beats were noted 
in the ninth dog. Definite infarcts were found in all but two of these animals. 

In summaiTL five of the fourteen animals died during operation and must 
be discarded. Myocardial infarction was present in seven animals and absent 
in two animals. Eight animals, including both of those which did not have a 
myocardial infarct, had moderately severe to severe electrocardiographic changes. 

Group IV comprised fifteen dogs who received Dicumarol. In thirteen dogs 
the descending branch of the left coronarj’^ arteiy’’ was ligated (see Table II). 
In two animals autopsy showed that a coronary branch other than the descend- 
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ing blanch was ligated. Both showed changes in the electrocardiogram, and 
one had a myocardial infarct. However, since the criteria for the experiment 
were not fulfilled, these animals were discarded. Three animals died four days 
postopera tively, one of hemorrhage and cardiac infarction and one of infarction 
alone. Two died eight days postoperatively, one with infarction and the other 
of infarction and hemorrhage. Eight animals were sacrificed following the usual 
fourteen day period of observ'^ation. 



Mg. 1. — Dog 37. Ligation of cle.scending branch of left coronary artery 3.8 cm. from origin of left 
coronary artery, June 18, 1046. Dicumarolizetl. Prothrombin content 14 per cent of normal, .Tune 
22, 1940. Tracing taken day after operation shows paroxysmal ventricular tachycardia. On June 
20, 1946, complete heart block is associated w'ith ectopic ventricular (escape) beats. On June 21, a 
similar, mechanism is associated with a premature nodal beat showing aberrant ventricular conduction 
(Lead II) and RS-T segment elevation in the chest lead. On June 22, second degree heart block is 
noted. On .Tune 24, normal rhythm is re-established, but RS-T deviations are still present. Dog 
sacriiled on fourteenth postoperative day. Post-mortem examination showed a full-thickness anterior 
wall infarct measuring 15 by 40 millimeters. 
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Five of the fifteen dogs showed transient, and one showed persistent, RS-T 
segment displacement. The seven animals who died before the completion of 
the fourteen day observation period showed RS-T segment displacement which 
was still present at the time of death. In one animal the RS-T segment was still 
displaced on the seventh day, but no tracings were taken after this date. Ten 



Fig. 2. — Dog 40. Ligation of descending branch of left coronary artery 3.4 cm. from origin of left 
coronary artery, June 20, 1946. Dicumarolized. Prothrombin content 14 per cent of normal on June 
23. Tracings taken postoperatively on the day of operation show elevation of RS-T in Lead I and in 
the chest lead, and depression of RS-T in Leads II and III. On June 21, premature ventricular beats 
occur, singly or in salvos, while the chest lead shows monophasic action currents. Premature ventricular 
beats are still present on June 22, but the rhythm is again regular on June 24. Slight elevation of 
RS-T in Lead I and in the chest lead, and depression of RS-T in Lead III, are still present in the last 
recorded tracing on June 25. The animal died eight days postoperatively. Post-mortem examination 
showed a full-thickness anterior wall Infarct measuring 20 by 20 millimeters. 


dogs showed transient ventricular premature beats; one, transient auricular 
premature beats; three, ventricular tachycardia; one, sinoauricular block; and 
one, complete followed by second degree heart block; all of tliese changes were 
restricted to the first five or six days of electrocardiographic observation. 
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The hearts of two of the dogs which died on the fourth postoperative day 
were too decomposed to examine. One heart showed no infarcts in spite of having 
sliown electrocardiographic changes diagnostic of myocardial infarction. All 
of the remaining ten hearts were infarcted. 

In summar}% two of the fifteen dogs were discarded because of improper 
placement of the ligature, two hearts were too decomposed to examine for in- 
farcts, and ten of the eleven hearts examined showed infarction. All thirteen 
animals followed by the electrocardiograph showed moderate to marked changes 
characteristic of coronary occlusion. 

DISCUSSION 

A comparison of the control and treated groups in which the coronary 
artery was cru-shed showed no striking differences in the electrocardiographic 
and pathologic changes observed. These groups were too small and the results 
obtained by the method used too inconsistent to warrant further comment. 

Comparison of the control and treated groups in which the descending 
branch of the left coronary artery was ligated showed similar electrocardiographic 
and pathologic findings. Infarction was found in seven of nine control animals 
and in ten of eleven treated animals. Electrocardiographic changes of approxi- 
mately equal severity were found in nine control animals and in thirteen treated 
animals. It should be noted that seven of the dogs surviving operation and re- 
ceiving Dicumarol died during the eight days following operation. In three of 
these, death could be attributed to hemorrhage, while the remaining four pre- 
sumably died as a result of the myocardial infarction. No control animals sur- 
viving operation died during the fourteen day period of observation. 

The myocardial infarcts in both the control animals and those receiving 
Dicumarol were studied in an attempt to distinguish any gross or histologic 
features that would serve to differentiate these groups. None were found, since 
the gross and histological findings were similar for both groups. The coronary 
arteries both above and below the site of ligation were carefully examined to 
determine the presence of retrograde and centrifugal thrombosis. There was no 
evidence of propagation of a thrombus in either direction jn either group. As 
far as could be determined, the size of the infarcts was roughly equal in both 
groups. The endocardium Avas studied with special care for evidence of mural 
thrombi or endocardial reaction. Mural thrombi were not present in any of the 
hearts of any group, and there Avas no evidence of endocardial involvement. 

Hemorrhage into the infarcted areas AA^as not a prominent feature in either 
group of animals. The myocardium AA-^as infarcted in tAA^enty dogs: Eleven of 
these received Dicumarol and nine did not. Five of the eleven dicumarolized 
dogs- showed slight to moderate hemorrhage into the infarct and six shoAA^ed no 
hemorrhage. Four of the nondicumarolized dogs shoAA^ed slight to moderate 
hemorrhage in the infarcted myocardium and five did not. 

The electrocardiographic changes comprised, singly or in combination, 
RS-T segment displacements, changes in the direction of the T AA^aves, ectopic 
rhythms, and conduction disturbances. They AA^ere quite typical of those noted 
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in similar ligation experiments described in the literature.®'*® The RS-T seg- 
ment deviations generally consisted of elevation of the RS-T segment in Leads 
I and IV and depression of the RS-T segment in Leads II and III. Several 
variants of this pattern were encountered and are indicated in Tables I and 11. 
Because of the mobility of the dog’s heart and the difficulty of placing the pre- 
cordial electrode in exactly the same position at each reading, much more sig- 
nificance was attributed to changes in the conventional limb leads than in the 
precordial lead. The displacements generally returned to the isoelectric line 
before the end of the two weeks’ period of observation, but there was an un- 
expectedly high incidence of persistent RS-T displacement at the end of this 
period. This finding remains unexplained. 

In about one-half of the dogs, T 2 and T 3 , which were originallj’^ inverted, 
became upright; in the other half-, originally upright To and T 3 became inverted. 
Such changes might occur with or without displacement of the RS-T segment. 
In view of the possibility of spontaneous reversal of the T waves in one or more 
leads,*® this type of change has been largely omitted from the protocols. Since 
records were not made during actual ligation of the coronary' artery', the brief 
“ischaemic” T-wave reversals described by' Baydey' and La Due®® were not noted. 

The ectopic rhythms consisted of ventricular premature beats, singly' or in 
salvos, ventricular tachy'cardia, and auricular premature beats. The conduc- 
tion disturbances, sinoauricular block or the various degrees of auriculoventricular 
block, were relatively infrequently' encountered. 

It is quite clear from the data presented that no fewer instances of, and no 
lesser degree of, RS-T segment displacement, conduction disturbances, or ectopic 
rhythms developed in the treated than in the untreated group. No electrocardio- 
graphic or pathologic evidence is at hand that Dicumarol has a favorable effect 
on the evolution or outcome of established experimental my'ocardial infarction. 

Certain limitations of the exper’ments should be pointed out. (1) In these 
animals, the coronary' blood vessels other than the ligated artery were healthy', 
patent, and elastic; whereas in clinical coronary' occlusion the collateral vessels 
may' be atherosclerptic, calcified, and narrowed or occluded. (2) The experi- 
mental occlusions in these animals were sudden and total, while in clinical 
coronary' occlusion there is a body' of evidence pointing to the possibility that 
in some cases closure is not abrupt and complete, but takes place over a period of 
time during which the anticoagulant might percolate through the partially' 
occluded area. (3) In three dogs in Group IV (ligation and Dicumarol), hemor- 
rhage was either the sole or a contributory' cause of death. The surgical pro- 
cedure which they had undergone and the use of the anticoagulant made these 
animals especially' vulnerable to hemorrhage, and thus unduly' and unfavorably' 
affected the mortality rate. These deaths resulting from hemorrhage have no 
clinical counterpart since surgery during an attack of coronary' occlusion is rare. 
(4) In spite of the large amount of Avork represented in these experiments, only' 
twenty-tAvo ligation experiments AA'ere finally' considered satisfactory' for the 
purpose of the study'. Such a limited group is not suitable for statistical anah'sis. 
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SUMMARY 

1 he descending branch of the left coronary artery was ligated in two groups' 
of dogs. One group received Dicumarol following ligation, while tlie second, or 
control group, received no Dicumarol. The electrocardiographic and pathologic 
changes were studied in both groups. No significant differences were found. 
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CLINICAL ANALYSIS OF THE S WAVE PATTERN 
ELECTROCARDIOGRAM 

An Investigation Including Extensive Unipolar Lead Studies 


Jennings Pershing, M.D. and Lyle A. Baker, M.D. 

Hines, III. 

S EVERAL articles have been published which were concerned with the elec- 
trocardiogram showing* prominent negative deflections in all standard leads. 
These tracings can be divided into two groups; one in which an initial negative 
deflection (Q wave) contributes the negative component in one or more leads, 
and a second group in which the negative deflection is contributed by the S 
wave in all leads. It is with the latter group that this paper is concerned. 

Electrocardiograms of the first type have been found to be commonly 
associated with serious heart disease; Avith infarction by Willius,’ and Bainton 
and Burstein,- and with bundle branch block by Wilson and associates.^ Burstein 
and Ellenbogen,'* as well as Goldberger and Schwartz,® included both tj^pes of 
tracings in their studies and confirmed the gravity of the first pattern. Schwartz 
and Marcus® concluded that the negative deflection pattern was due to enlarge- 
ment of the right ventricle, causing longitudinal rotation of the heart. 

Ashman and Hidden" and Wilburne and Langendorf® confined their studies 
to the S-wave pattern and segregated those tracings showing only this ab- 
normality from grossly abnormal tracings. The}’^ concluded that this pattern 
was most frequently a normal variant, and the former authors believed it char- 
acteristic of a relatively vertical cardiac position. 

This study was undertaken in an attempt to clarify the folloAving points: 
(1) Is it true that heart disease is relatively infrequently associated with the 
S-type electrocardiogram? (2) If so, in those cases with S-wave electrocardio- 
grams, can the unipolar limb leads and/or the precordial chest leads be of aid in 
further segregating those cases with heart disease from those with normal hearts? 

procedure 

Criteria used in selection of electrocardiograms were as follows: 

1. Prominent S waves in the three standard limb leads. The S Avaves had 
to be 25 per cent or more of the R Avaves. 
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Fig. 1. — Diagrammatic illustration of unipolar limb lead patterns as described in text. 
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2. Tracings with low, splintered QRS complexes in Lead III were ex- 
cluded. Tracings with low (>4 mm.) equiphasic QRS complexes in 
Lead I were included. 

3. Tracings with definite abnormalities, such as Q waves, wide QRS com- 
plexes (.12 second or more), or abnormalities of the terminal segments 
were excluded. 

4. Tracings with abnormal CF 4 leads were excluded. 

Fifty-two consecutive cases presenting the S-wave pattern were studied 
intensively during 1945 and 1946. Using the technique of Goldberger^® unipolar 
limb leads, precordial leads, and right upper quadrant and left upper scapular 
leads were taken on all cases. Wherever available, chest x-rays were reviewed 
and the anatomic axis measured as follows: The relation of the anatomic axis 
of the heart to an element in the median sagittal plane of the body was deter- 
mined from teleroentgenograms of the chest by draiving a median line through 
the center of the bodies of the thoracic vertebrae, then another line from the 
depression formed by the root of the aorta and the right auricle to the point of 
greatest curvature at the apex, and measuring the angle formed by these two 
lines. This angle was then subtracted from 90° to express the anatomic axis in 
reference to the horizontal plane. 

The unipolar limb lead patterns were classified as follows (see Fig. 1) : 

Type 1: In Lead uVr, the upright phase was definitely greater than the 
inverted phase (R>Q). The pattern in the other aV leads varied: A, In Lead 
rVl, the R wave exceeded the Q wave (R>Q): in Lead aVp, the upright and 
negative phases were approximately equal. B, In Lead aVL, the voltage was 
low; in Lead aVp, the S wave exceeded the R wave (S>R). 

Type 2: In Lead aVR, the inverted phase definitely exceeded the upright 
phase (Q>R). In the other aV leads the following combinations existed: A, 
In Lead aVLt Q>R: in Lead aVp, R>S. B, In Lead aVL, low voltage; in Lead 
aVp, R>S. C, In Lead aVL, R>Q: in Lead aVp, S>R. C' In Lead aVL, 
R>Q; in Lead aVp, R>S. C", In Lead rVl, R>Q; in Lead aVp, low voltage. 

Type 3: In Lead aVR, the negative and positive phases were approximately 
equal. In the other aV leads, the combinations of the negative and positive 
phases were: A, In Lead aVL, R>Q: in Lead aVp, equiphasic. A\ In Lead 
aVL, R>Q; in Lead aVp, S>R. B, In Lead aVR, low voltage; in Lead aVp, 
S>R. B', In Lead aVR, low voltage; in Lead aVp, S and R equal. C, In Lead 
aVL, equiphasic; in Lead aVp, equiphasic. 

RESULTS 

In addition to making the preceding analysis, we reviewed all of the trac- 
ings taken by us at Hines Hospital during the year 1942. Of the 7,571 tracings 
studied, eighty-two ( 1.1 per cent) fulfilled our criteria. This figure is probably 
somewhat low since these tracings were taken on an older age group, the patients, 
in the main, being veterans of World War I. A comparison of incidence shows 
that in Ashman and Hidden’s^ series the incidence was 1.3 per cent after the 
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abnormal' tracings were discarded. Similarly, the incidence in Wilburne and 
Langendorf’s® series became 2.3 per cent. All in all, one can expect to find the 
S-type pattern in about 2 per cent of all normal tracings in all age groups. 

The fifty-two cases studied were a consecutive series upon which electro- 
cardiograms had been routinely taken during 1945 and 1946, and which met 
our criteria. The age distribution was as follows; The youngest subject was 
19 years and the oldest 83 years of age. The greatest number (twenty-five) 
were found in the 50 to 59 year group. There were eleven in the 20 to 29 year 
group, four in the 30 to 39 year group, nine in the 40 to 49 year group, and only 
one in the 60 to 69 year group. 

Table I. Correlation of Unipolar Limb Lead Patterns With Presence or Absence of 

Cardiovascular and Pulmonary Disease 
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Table I is a summary of the pertinent findings in this study. Several sug- 
gestive correlations can be noted. Of the fifty -two patients studied, twelve (23 
per cent) had heart disease, as compared with 37 per cent in the series of Wil- 
burne and Langendorf.® Etiologically, five had hypertensive heart disease, 
three had cor pulmonale, two had rheumatic heart disease, and in two cases 
the etiology was unknown. There were three patients with systemic hyper- 
tension who did not have heart disease. One patient had hypertension only, 
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while the other two had associated pulmonary disease. Eleven patients (21.2 
per cent) had pulmonary disease only, and twenty -si.K patients (50 per cent) 
had neither cardiovascular nor pulmonary disease. The latter group presented 
the usual varied conditions found in a large general hospital in which the diag- 
nosed diseases had no bearing on the configuration of the electrocardiogram. 

The cases showing the Type 1 pattern seem of special significance. Of the 
five patients under Type 1,^4, one had systemic hypertension and pulmonary 
disease, one had pulmonary disease only, and three had hypertensive heart dis- 
ease. The pulmonary disease in both instances was asthmatic bronchitis. The 
pattern in Type \,A is characterized by tall R waves in aVn and aV'L, and by 
an equiphasic leg lead. The chest leads were not unusual or distinctive in any 
way; this was found to characterize the chest leads of all the cases in this study. 
The anatomic axis was 40° or less in four of these five patients. The fifth patient 
was a 55-year-old man with both asthmatic bronchitis and systemic hyperten- 
sion, in whom the anatomic axis was 47°. The most transverse heart had an 
axis of 28°. The unipolar leads taken from the left upper scapular area showed 
R waves which were all 4 mm. or more in height. One patient also showed an 
R wave in the right upper quadrant lead which was 6 mm. tall. This would 
tend to support Goldberger’s’- contention that an R wave of 4 mm. or more 
in the left upper scapular lead is indicative of left ventricular hj'pertrophy. 

Of the eight patients whose tracings conformed to Type \,B, three had 
heart disease. The etiology in two patients was cor pulmonale, while in the 
third, the etiology was unknowm. Two patients had pulmonary disease only. 
The remaining three patients had neither pulmonary nor cardiovascular disease. 
Thus, four subjects were found to have some tj^pe of pulmonary disease. X-ray 
-films of the chest were a\^ilable in seven of these patients. The anatomic angle 
was close to 40° in five of these, and 50° in the remaining two. Only one patient 
showed an R wave of at least 4 mm. in the left upper scapular lead and this was 
a patient admitted for a head injury who had neither hypertension nor pul- 
monary disease. One of the patients with cor pulmonale had an R wave of 7 
mm. in the right upper quadrant lead, but the other patient had a low, splintered 
QRS complex in this same lead. 

Type 2 proved to comprise the largest number of patients in the series. 
There were twenty-five cases in this group, all well scattered among the sub- 
groups. Four patients had heart disease: two had hypertensive heart disease; 
one, rheumatic; and in one, the etiology was unknown. There was one patient 
with systemic hypertension and asthmatic bronchitis. There were only four 
patients with pulmonary disease in this group. One of these was a Sl-j-ear-old 
man with an R wave in the right upper quadrant lead of 6 millimeters. The 
diagnosis was asthmatic bronchitis, and there was no evidence of heart disease. 
The anatomic axis was 55°. The one patient Avith rheumatic heart disease bad 
an R wave of 5 mm% in the right upper quadrant lead, and the anatomic axis 
was 39°. Only one patient with the Type 2 pattern had an R wave of 4 mm. in 
the left upper scapular lead. This was a 49-year-old man who was admitted 
for treatment of cholecystitis. No chest x-ray was available. The chest leads 
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revealed inverted T waves on the left side of the precordium. A clinical diag- 
nosis of heart disease had not been made in this patient. In the entire group, 
x-ray films of the chest \vere available for study in sixteen patients. The ana- 
tomic axes in this group varied from 55°, as mentioned in the first patient de- 
scribed, to 28° in the patient- with the undetermined type of heart disease; in 
the remaining fourteen patients, the axes were well scattered between these 
extremes. There was no obvious clinical correlation here. 

Type 3 included fourteen cases, well scattered among the subgroups. There 
were two patients with heart disease, one with rheumatic disease, and one Avith 
pulmonary hypertension. The latter belonged to Type 3,Cand had the primar>^ 
diagnosis of bullous emphysema. X-ray films v'ere not a\?^ailable in this patient. 
The chest leads reA^ealed an M-shaped QRS complex in leads over the right 
side of the precordium. The right upper quadrant and left upper scapular leads 
AA^ere not abnormal. The only patient AAuth systemic hypertension (unaccom- 
panied by pulmonary disease) AA^as found in this group. The four patients Avith 
a Type 3 pattern Avho had pulmonary disease fell into the subgroups B and B'. 
Taa^ of these patients had R AA'aves of 4 mm. in the right upper quadrant leads, 
AA'’hereas the other tA\m had R AA^aves of 4 mm. and 3 mm., respect! A^ely, in the 
left upper scapular leads. The diagnosis in three of these patients AA'as chronic 
pulmonary tuberculosis, and in the fourth, asthmatic bronchitis. There AA^as 
one patient in Type ?>,B AA'^ho had an R Avave of 5.5 mm. in the right upper quad- 
rant lead. This Avas a 20-year-old man Avho AA’^as admitted for treatment of 
hemorrhoids. Eight x-ray films Avere available in the Type 3 group. The tAAm 
patients Avith a Type 3, .4' pattern AV'ere interesting in that the anatomic axes 
AA’-ere 28° and 26°. In the others the axes varied from 49° to 35°, AAUth no ap- 
parent clinical correlation. 

The standard limb lead electrocardiograms AA^ere also studied from the 
point of vieAA”- of depth of the S Avaves. Thirty-six cases AA-^ere found in AA^hich the 
amplitude of the S Avaves Avas at least 50 per cent that of the R AA^aves in all the 
standard leads. Of these, fifteen patients had a clinical diagnosis of pulmonary 
disease. Since there AA^ere only sixteen cases in all AA'ith pulmonary disease, 
this group for all practical purposes contains all the cases AAUth pulmo- 
nary pathology. In ten of the thirty-six cases the S AA'aves AA'ere equal to, or 
greater than, the R AA'aves in each lead. Six of these patients AA'ere found to haA'e 
some type of pulmonary disease. The other four patients had no clinical cor- 
relation. The incidence of pulmonary disease in this group AA'as 60 per cent, or 
about tAA'ice that of the incidence of pulmonary disease in the entire series (six- 
teen out of fifty-tAA'o, or 30.8 per cent). It appears from this survey that the 
greater the depth of the S AA'aA'es the greater the correlation AA'ith pulmonary 
disease. 

-In the sixteen patients AA'ith pulmonary disease, x-ray films of the lungs 
AA'ere available in tAA'eh'e. Only four patients had anatomic axes betAA'een 55f 
and 45°. In the remaining eight patients the axes ranged from 44° to 35°, five 
cases being less that 40° in fiA'e patients. In the tAA'enty-six cases AA'ith neither 
pulmonary nor cardiovascular disease, x-ray films AA'ere available in sixteen 
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cases. Only three patients had anatomic axes greater than 45°, and only six had 
axes greater than 40°. From these data, it appears that a relatively vertical 
axis was not a frequent occurrence in the group with neither cardiovascular nor 
pulmonary disease, nor in the group with pulmonary disease alone. 

DISCUSSION 

In considering any electrocardiographic pattern it is always desirable, if 
possible, to make certain clinical correlations in order that practical applications 
may be made. Very early it was evident from inspection of the standard leads 
in which an S-wave pattern was present that no such correlations were possible. 

LaDue and Ashman® have recentlj' indicated the types of QRS deflections, 
which should be found with the variations of the position of the heart in relation 
to its three axes. From the S-wave patterns shown, it is inferred that with a 
transverse heart and marked counterclockwise rotation, S waves increasing in 
depth from Lead I to Lead III may be found; while in the heart with normal 
position on its long axis and the apex posterior, S waves decreasing in depth 
from Lead I through Lead III may be found. An attempt to make such a cor- 
relation in the present series was a failure. It is evident from our study that 
several causes may give rise to the S-wave pattern in the standard leads. Cir- 
cumstances under which the right ventricle is overburdened as well as those in 
which there is left ventricular ‘hypertrophy may do so. An S-wave pattern was 
also prominent in a group of patients with pulmonary disease, but without defi- 
nite heart disease. There is a small group of patients with systemic hj^pertension 
without evident heart disease who show an S-wave pattern. There is also a 
large group, one-half displaying the S-wave pattern, in whom no evidence of 
cardiovascular nor pulmonary disease is present. In our experience, the stand- 
ard limb leads or precordial leads do not furnish any information which makes 
any distinction of clinical nature possible. 

A study of these cases by unipolar leads was undertaken in the hope that 
some additional information of practical clinical importance might be obtained. 
On the whole this was also disappointing. Multiple unipolar precordial leads 
gave no information. The unipolar limb leads gaA^e us only one significant pat- 
tern (Type 1). Only three of the thirteen patients in this group were free of 
cardiovascular or pulmonary disease. One-half of the patients ha\dng heart 
disease in the entire series fell into this small group. Therefore, when Lead 
aVR shows a positive deflection greater than the negative deflection, it is strong 
presumptive evidence that cardiac disease, pulmonary disease, or both, are 
present. If, in addition. Lead aVj^ shows a high R wave and Lead aVp is equi- 
phasic, it is strong evidence that left ventricular hypertrophy is present. In no 
case of right ventricular hypertrophy' did this latter pattern occur. With respect 
to the unipolar limb lead patterns under Types 2 and 3, it can only.be concluded 
^that heart disease was comparatively rare, being present in only six of the thirty- 
nine patients. Hypertension without heart disease was present in two of the 
thirty-nine, while pulmonary disease was found in eight. Slightly over one-half 
(twenty-three) had no evidence of cardiovascular or pulmonary disease. How- 
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ever, no correlation could be found which would aid in distinguishing those with 
disease from those with no disease. 

It is also apparent that in all cases of hypertensive heart disease, the voltage 
of the R wave strikingly exceeded the voltage of the Q wave in Lead aVi^, irre- 
spective of the pattern exhibited by Lead aVR; while in right ventricular hyper- 
trophy, Lead aVL was either equiphasic or the Q exceeded the R wave in voltage, 
irrespective of the patterns exhibited by Leads aVR and aVp. This is of little 
aid in clinical application, since both criteria were frequently met b}'^ patients 
who had no disease. 

From the findings in this series of cases, it is our impression that normal 
position or a tendency toward vertical position of the heart -with the apex rotated 
posteriorly is the most common cause of the S-wave pattern. In chronic pul- 
monary disease with associated emphysema, the depression of the diaphragm 
with extension of the lungs into the anterior cardiac space can well be responsible 
for such a cardiac position. In the congenital vertical heart, the long axis tends 
to rotate posteriorly as the vertical position is assumed and produces relatively 
the same cardiac position. Also, it is probable that in some patients with heart 
disease involving either the right or left ventricle, this cardiac position is the 
major factor in determining the distribution of the potentials to the extremities 
in such a manner as to give rise to the .S-wave pattern in the standard leads. 
That such a position of the heart is not always responsible for the S-wave electro- 
cardiogram is evident from the markedly transverse position of the heart found 
in patients with h3^pertensive heart disease. Under these circumstances, marked 
counterclockwise rotation with the apex displaced posteriorly is probably the 
explanation. 

Various authors have commented on the possible etiolog^^ of the S-t3''pe 
electrocardiogram. Gardberg and Ashman, in their study of possible QRS 
patterns by vector analysis, state that the S-type electrocardiogram is “bj'- 
no means uncommon” in persons with so-called “dropped heart.” They point 
out that an important factor is that the apex is pushed posterior, or the base 
pulled forward, with the result that the mean QRS axis points backward and up- 
ward. The^'- add that “some distortion of the electrical fields by the thoracic 
configuration and bj'^ the lungs ma}' not contribute a little to the relatively back- 
ward direction of the mean QRS axis. We do believe that such factors are of 
secondary importance.” 

Wilson and associates'^ recognized the possible role of’ right ventricular 
hypertrophy in the etiology of the S-type pattern. They state, “AVhen the heart 
is in the semivertical position, . . . right ventricular hj'^pertroph^^ produces 
large S waves in all the standard limb leads.” Goldberger and Schwartz® state 
that in five of their cases “there was evidence of enlargement of the right ven- 
tricle, or of conditions in which right ventricular hypertrophy might be expected 
(asthma and pulmonarj^ tuberculosis).” Schwartz and IMarcus® collected eight 
autopsied cases with similar patterns; seven had pulmonary tuberculosis and 
“merel}’’ showed right ventricular hypertrophy or dilatation at autopsy.” That 
right ventricular hypertrophy^ may' be occult has been a common experience of 
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clinicians, and details can be found in the studies by Master^' and Sussman and 
associates.!® In our series of fifty-two cases, the diagnosis of cor pulmonale was 
made in only three instances, but it is impossible to state how frequently right 
ventricular hypertrophy was actually present in the thirteen patients with pul- 
monary disease. Only a more comprehensive study could accurately determine 
the importance of right ventricular hypertrophy as an etiological factor in the 
S-wave pattern. 

The theoretical possibility of extreme left axis deviation producing an S-type 
electrocardiogram was recognized by Goldberger and Schwartz. They postu- 
late that “the electrical axis would have to rotate counterclockwise to at least 
—120°.’’ They show one case in which this tendency was present. 

That the right ventricle is notably elusive to both clinical and x-ray ex- 
amination has been commented upon. This elusiveness prevails in the field of 
electrocardiography. This is due to the fact that there must be a great increase 
in the muscle mass of the right ventricle before potentials derived from its 
activation are able to overcome the normal preponderance of potentials derived 
from the left ventricle and so alter the electrocardiogram. By use of the right 
upper quadrant and left upper scapular unipolar leads, as advocated by Gold- 
berger, we attempted to determine if this difficulty might be decreased. Our 
findings indicate that a low R wave in the left upper scapular lead or a low- 
voltage biphasic complex indicates that left ventricular hypertrophy is not 
present. This also suggests that the relative magnitude of potential derived 
from the right ventricle may be greater than normal. It should be kept in mind, 
however, that a heart in unusual clockwise rotation around its long axis may 
project potentials from both the right and left ventricles toward the left shoulder, 
and give an intermediate type of complex. A prominent R wave in the right 
upper quadrant lead is strongly suggestive of right ventricular hypertrophy. 
However, in other observ'^ations we have made on patients with definite mitral 
stenosis. and chronic cor pulmonale, only a minority showed such a right upper 
quadrant pattern. Likewise, patients in whom there is no clinical reason for 
right ventricular hypertrophy may rarely show a prominent R wave in the right 
upper quadrant lead. It is our belief that occasionally the cardiac position may 
be such that the potential picked up by a right upper quadrant lead may be for 
the most part derived from the left ventricle producing a prominent R wave. 
Our experience indicates that the^ right upper quadrant and left upper scapular 
leads are of very limited value in determining the presence of hypertrophy of 
either ventricle. 

It was noted that the S-wave pattern may be transient, tending to wax and 
wane in an occasional patient. We could not correlate this change with any 
gross anatomic deviation such'as pleural or pericardial fluid, as was pointed out 
by Burstein and Ellenbogen.^ 

SUMMARY 

A study of otherwise normal electrocardiograms of fifty-two patients show- 
ing S waves in all standard limb leads was carried out, using precordial leads. 
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six unipolar limb leads, and right upper quadrant and left upper scapular unipolar 
leads. The S waves in the standard limb leads were 25 per cent or more than the 
R deflection in the same lead. 

The clinical diagnoses in fifty-two patients were heart disease in twelve, 
hypertension alone in one, pulmonary disease alone in eleven, and hypertension 
and pulmonary disease together in two cases, while in twenty-six patients there 
was no disease present which would influence the electrocardiogram. 

The only positive correlation which was noted from inspection of the stand- 
ard limb leads was that when the S-Avave deflections were of considerable mag- 
nitude in all leads there was a high incidence of pulmonary disease. 

Unipolar lead studies were made in an attempt to establish criteria for dif- 
ferentiating patients with disease from those without disease and for correlating 
the electrocardiographic findings with the clinical findings. The multiple uni- 
polar precordial leads offered no assistance in this respect. By grouping the 
various patterns noted in the unipolar limb leads, it was found that the pattern 
designated as Type 1 Avas associated Avith a very high incidence of cardiovascular 
or pulmonary disease. The remaining types did not contribute any further 
information. The unipolar leads from the right upper quadrant and left upper 
scapular areas AA’ere of no more than slight value in determining the presence of 
hypertrophy of either ventricle. 

It is probable that the fundamental factor in determining the presence of 
S AA^aves in the standard limb leads is the position of the heart. A tendency 
tOAA'ard a vertical position AAuth the apex displaced posteriorly is the most com- 
mon cause. A heart in a transverse position AAUth marked counterclockAA'ise 
rotation on its long axis rarely aauII give rise to such a pattern. Cardiac or pul- 
monary’’ disease is actwe in producing the pattern only insofar as it may con- 
tribute to such cardiac positions. In one-half of the patients studied, this electro- 
cardiographic pattern AA’as a normal characteristic of the indiAudual. It is con- 
cluded from this study that such extensive unipolar lead investigations are 
impractical as a routine clinical procedure because of the relatively little clinical 
value that they yield. ' 

Tracings meeting the criteria used in this paper are obtained in approxi- 
mately 2 per cent of all electrocardiograms taken on adults. 
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Clinical Reports 


“ANGIOiMESOHYPERPLASIA”: A GENERALIZED NONINFLAMMA- 
TORY OCCLUSIVE ARTERIAL DISEASE 


Thorpe Ray, M.D., H. Karl Stauss, M.D., and George E. Burch, M.D. 

New Orleans, La. 


W HILE occlusive vascular disease syndromes have frequently been de- 
scribed in white men, this form of disease has been relatively rare in the 
Negro. Some investigators are conHnced that thromboangiitis obliterans has 
been found in Negro men,* but most writers in the field are unwilling to recognize 
such an entity in them. Recently, a new form of occlusive vascular disease has 
been reported by Yater and Roberts.^ In the two patients recorded by these 
authors, the clinicopathologic picture of unknown cause differs from the usual 
Buerger’s or arteriosclerotic vascular disease. The case which we are presenting 
demonstrates still another variation of arterial disease which may be, but is 
probably not, a variation of the entity described by Yater and Roberts. 

/• 

CASE REPORT 

T. L., a 43-year-old Negro janitor entered the Hutchinson Memorial Clinic of Tulane Medical 
School on Sept. 27, 1945, complaining of pain in the left calf on walking more than two blocks, 
and an intermittent “heavy feeling" over the precordium associated with burning pains radiating 
along the medial aspect of the left arm. The present illness began about three years prior to 
admission. Initially, he had a “tired" feeling in the calves of his legs. The discomfort progressed 
gradually to the cramping of intermittent claudication. The latter developed about seven months 
before coming to the Hutchinson Clinic. One year prior to admission, he noticed heavy sensations 
over the precordium on moderate exertion. The first severe attack occurred two months before 
admission. At that time, he had a severe crushing precordial pain which occurred after his 
evening meal and lasted twelve hours. The pain was accompanied by nausea, sweating, and 
dyspnea. He remained in bed the following day, but he was able to resume regular work there- 
after. Subsequent to this episode of pain he continued to have precordial discomfort, with pain 
radiating along the medial aspect of the left arm on slight exertion or excitement. These attacks 
‘usually lasted ten to fifteen minutes. In the past he fainted on two occasions without any known 
prodromata or sequelae; in both instances, the syncope followed paroxysms of coughing. His 
vision had been impaired for several years. There were no headaches, vertigo, ataxia, epistaxis. 
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hemoptysis, pulmonary disease, or complaints referable to the gastrointestinal or genitourinary 
systems. His family history was irrelevant. For years he had been smoking as many as twenty 
cigarettes daily, but rarely consumed alcohol. 

Physical examination revealed a moderately obe.se, middle-aged Negro man, who appeared 
anxious about his condition. The pulse rate was 92, respiratory rate, 20 per minute, and the 
blood pressure was 158/100. The physical examination was essentially normal. The salient 
findings follow. The retinal arteries were slightly sclerotic. The apex impulse was not visible; 
the point of maximum impulse was palpable in the fifth intercostal space in the midclavicular line. 
The cardiac rate and rhythm were normal. A faint systolic apical murmur heard initially was not 
present on subsequent examinations. The reflexes were equal bilaterally, but hypoactive. The 
c.xtremities showed both legs to be rather cold, but the left was colder. No varicosities, abnormal 
pigmentation, nor trophic changes were noted. The pulsations of the dorsalis pedis, posterior 
tibial, and popliteal arteries were absent bilaterally; the femoral arteries pulsated feebly. The 
common carotid arteries pulsated normally', while the radial and temporal arteries showed de- 
creased pulsations. 

Laboratory Data . — The urine on repeated examinations was normal. Urine concentrations 
reached values from 1.024 to 1.027. The nonprotein nitrogen of the plasma was 40 mg. per 100 
cubic centimeters. The hemogram on admission revealed 5,400,000 erythrocytes; 90 per cent 
hemoglobin, and 10,200 leucocytes with a normal differential count. Blood serology was negative. 
A teleroentgenogram was normal. Both legs and feet failed to show calcification of the vessels 
or bone changes on x-ray examination. The initial electrocardiogram (Sept. 27, 1945) showed 
typical changes of an old posterior infarct. Four subsequent tracings revealed considerable 
improvement (Fig. 1). 
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ADDITIONAL OBSERVATIONS 

Histologic Study . — On November 14, a biopsy was made of the left posterior 
tibial artery. At the time of surgical removal of a segment of this artery, it 
was found to be cordlike, free from evidences of periarterial inflammation, and, 
on severance, no blood flowed from the cut ends. Due to misunderstanding, a 
segment of vein was not removed and because of the impaired circulation to the 
part and marked delay in healing (eight months) at the site of arterial biopsy 
it was deemed inadvisable to subject the patient to another biopsy to obtain 
a segment of vein. 



Fig. 2. — Sections of a segment of the left posterior tibial artery removed at biopsy. A is stained 
by the liematoxylin-eosin method, B and C by Verhoefl’.-; clastic stain. Consult text for details. 

The segment of artery was sent to Dr. Charles Dunlap,* who is responsible 
for the histologic examinations (Fig. 2) and the following report. 

“The specimen consists of a segment of artery 2.4 cm. long and 0.2 cm. in 
diameter. One end is flattened and shows the marks of forceps. The adventitia 
is smooth, white, and glistening. The arterial wall is thickened, tough, and 


.*Departmcnt of Patholog>% Tulane University School of Medicine. 
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rubbery. Multiple transverse cuts reveal a small lumen varying from a slitlike 
opening measuring 0.1 cm. in greatest diameter to a minute round opening of 
pinhole caliber. There is no corresponding variation in the external diameter 
of the vessel. 

“Segments of the artery taken at five different levels were sectioned and 
stained with hematoxylin and eosin, Verhoeff’s elastic tissue stain, and Mallory’s 
aniline blue. Microscopic examination reveals remarkably little in the way of 
pathologic change apart from a thickened media and a small lumen. No inflam- 
mation is present. The endothelium appears normal. The intima is rich in 
elastic fibrils, but is not thickened. The media is thickened in relation to the 
diameter of the vessel and the caliber of the lumen. The media is normal his- 
tologically, being composed principally of smooth muscle fibers with scattered 
elastic tissue fibrils. The connective tissue stain shows no more than the normal 
amount of collagen. The adventitia of the vessel is made up of coarse bundles 
of collagen instead of the usual delicate fibrous reticulum. Small blood vessels 
are numerous in the adventitia, and elastic tissue fibrils are somewhat more 
abundant than usual. 

“No specific diagnosis can be made. The principal findings are a relative 
thickening of the media and a noninflammatory fibrosis of the adventitia. Al- 
though the adjacent vein and perivascular tissues were not available for exami- 
nation, the changes present in the artery are not of such a nature as to warrant 
a diagnosis of Buerger’s disease. Occlusion of the vessel at a higher level might 
conceivably have caused these minor changes even though no obliterative end- 
arteritis is present.’’ 


Thermocouple Studies: On Dec. 20, 1945, the patient rested recumbent in a 
hospital type of bed in a draft-free, air conditioned room (temperature 80° F., 
relative humidity. 26 per cent). After a period of sixty minutes’ rest, recordings 
of the skin temperature measurements were made bilaterally for the (1) anterior 
surface of the midthigh, (2) medial aspect of the knee, (3) anterior surface of 
mid leg, (4) dorsum of foot, and (5) dorsum of third toe. After base line levels 
were obtained, a left lumbar sympathetic procaine block was performed and 
the changes in skin temperature followed (Fig. 3). It can be seen that the parts 
which were initially cold gradually warmed. This was true for the left side with 
the lumbar sympathetic block as well as the right side without block. The 
dorsum of the left foot was warmer initially than -the same area on the right and 
it, therefore, changed little in temperature Avith rest in the comfortable room. 
One is forced to conclude that no change in temperature was produced by the 
lumbar sympathetic block. 


On May 5, 1946, essentially two months after left lumbar sympathectomy, 
the temperature of both lower extremities was essentially the same, except that 
the third toe on the sympathectomized side was definitely warmer. The experi-. 
mental conditions Avere the same as on Dec. 20, 1945. 


9*^ temperature measurements Avere repeated under 

!. circumstances, except that the room was made cool (temperature 

., relatue humidity 72 per cent) in order to ascertain any difference Tn the 




Fig. 3. — Variations in skin temperature recorded for the lower extremities before and after procaine 
blocking of the loft lumbar sympathetic nerves and after left lumbar sympathectomy. There were no 
significant dilTerences between the reactions in the two e.xtremities. The rise in temperature bilaterally 
after sympathetic nerve blocking apparently resulted from a gradual warming of previously cold feet. 
The terminal portions of the records show a more rapid cooling of tiie right leg in the cool environment 
than the loft sympathectomized one. 


122 


AMERICAN HEART JOURNAL 


rate of cooling of the lower extremities as the patient rested quietly in bed. 
It is seen in Fig. 3 that the left lower extremity with the lumbar sympathectomy 
cooled more slowly than the right extremity with an intact sympathetic nervous 
system, thus indicating a more adequate circulation on the left or sympathecto- 
mized side. 

The Pleihysmograms: Plethysmographic recordings were made simulta- 
neously with the temperature measurements by a method previously described.^ 
The tips of right index finger and the right and left second toes were observed. 
The plethysmograms (Fig. 4) showed an absence of pulse deflections in the tips 
of the toes (plethysmograph sensitive to 0.1 c. mm.), while those in the tip of 
the right finger were normal. The alpha deflections were small in the toes and 
normal in the finger. Sympathetic nerve block by procaine and heat to the 
entire body failed to change the status of the pulse and alpha deflections in the 
toes. Heat increased the pulse deflections in the finger (Fig. 4). After left 
lumbar sympathectomy was performed on March 2, 1946, pulse deflections 
appeared for the first time, although they are barely visible, 0.1 mm. (Fig. 4). 
Since pulse deflections developed bilaterally, although sympathectomy was 
limited to the left lower extremity, the influence of the operation is difficult to 
evaluate. 

Progress Notes: The patient had been studied over a period of eighteen 
months. When first seen, a bilateral lumbar sympathetic novocain (1 per cent) 
block was done. Following this procedure, the patient experienced a sensation 
of warmth beginning four to five hours after the injection, and he volunteered that 
he could walk approximately twice the usual distance before developing calf 
pain. These novocain blocks were repeated on several occasions with the same 
subjective results. At no time, however, was there definite objective evidence 
of marked temperature changes nor any demonstration of pulsations which 
were previously absent. On November 14, a biopsy of the left posterior tibial 
artery was obtained. The severed end of the artery did not bleed. The patient 
began to experience pain at rest in the left calf muscles. He received bromides 
for sedation, aminophylline, and alcohol without any objective or subjective 
changes in the legs or biopsy wound. Buerger's exercises, novocain blocks, 
tubbings at body temperature, and leg exercises under water provided but little 
subjective relief and no improvement in wound healing. 

The patient was admitted to Charity Hospital on Feb. 20, 1946. There 
the clinical findings were essentially the same as before. On March 2, Dr. Mims 
Gage"^ performed a left lumbar sympathectomy, resecting the second, third, 
and fourth lumbar ganglia. Following the sympathectomy, the pain at rest 
disappeared. The left leg felt warmer than the right leg, but at no time during 
his hospital stay were there any demonstrable pulsations in the large arteries of 
the legs. He had an uneventful recovery and was discharged. 

He was seen at his home on April 25, 1946. Pulsations were noted for the 
first time in both dorsalis pedis arteries and in the right posterior tibial artery. 


♦Department of Surgery, Tulane University School of Medicine. 
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The left foot and leg were warmer than the right foot to touch. On May 5, 1946, 
he was examined in the laboratory and further physiologic observations were 
made. The blood pressure was 120/80. The funduscopic examination revealed 
only slight thickening of the retinal arteries. The dorsalis pedis arteries pul- 
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Pig. 4 . — Plethysmograms of the tips of the right index finger and right and left second toes. The 
pulse and alpha deflections of the finger tips responded to variations in environmental temperature in 
a normal fashion, while there were no pulse deflections in the tips of the second toes regardless of the 
temperature changes (Dec. 13, 1945, May 4, 1946). There were alpha deflections in the tips of the toes, 
however, but they also failed to be changed by temperature variations. Left lumbar sympathetic block 
on Dec. 20, 1945, likewise produced no pulsatile changes. After left lumbar sympathectomy performed 
on March 2, 1946, small but definite pulse deflections appeared in the toes and have persisted. This 
may have been coincidental since they were present bilaterally while the operation was unilateral. 


124 


AMERICAN HEART JOURNAL 


sated, but they were not as strong as they had been ten days previously. The 
biopsy site had improved but was not healed (approximately six' months after 
the biopsy). The left leg showed atrophy of the muscles but the skin was normal. 

He was examined again on Aug. 26, 1946. The ulcer had healed about one 
month previously, and the surrounding skin was normal. The eyegrounds had 
not changed since previous observations. The dorsalis pedis artery pulsations 
were feeble bilaterally. The slight atrophy of the left leg was attributed to disuse. 

Except for three slight elevations recorded initially, the blood pressure 
remained within normal limits during the entire period of observation. 

DISCUSSION 

The patient described had an organic arterial occlusive disease indicated 
by the clinical and physiologic observations and biopsy. The biopsy findings 
showed the disease to be different from thromboangiitis obliterans and more like 
the condition described by Yater and Roberts.- However, the histologic findings 
are somewhat different from those described bjf the latter two observers. In 
fact, the disease desaibed in this report may be an entirely new one. Unfor- 
tunately, circumstances prevented more complete biopsy studies. The fact 
that this patient was a Negro and the two patients of Roberts and Yater were 
also Negroes does not constitute sufficient evidence to warrant a conclusion that 
the white race is free of the disease. It is exceedingly important that more pa- 
tients be studied in order to establish properly this new disease entity. 

The biopsy resulted in a chronic ulcer which healed very slowly. The more 
rapid rate of healing following the lumbar sympathectomy supports the value of 
sympathectomy as a therapeutic procedure. This is further supported by the 
tendency of the sympathectomized leg to remain warm in a cool environment 
while the other approached room temperature. The presence of essentially 
equal pulse deflections in bilateral plethysmograms does suggest that the disease 
might have been in a spontaneous remission. The failure of vasodilation to 
follow sympathetic procaine block is also in support of the latter concept. 

That the disease is generalized is evidenced by the occurrence of a coronary 
occlusion, feeble pulsation in the femoral arteries, and absence of pulsations in 
the popliteal artery and its branches. There were diminished pulsations in the 
temporal and radial arteries. 

Throughout the period of observation there had been no evidence of change 
in the renal circulation. The microscopic findings in the urine have been normal 
and urine has reached concentrations of 1.027. The blood urea nitrogen has 
remained normal on repeated examinations. 

Unlike the patients reported by Yater and Roberts,^ our patient had no 
cerebral vascular episodes nor any symptoms referable to the nervous system 
except two instances of syncope which followed paroxysms of coughing. 

There had been no tenderness over the arteries and veins and the micro- 
scopic e.xamination of the artery did not suggest that the disease was inflam- 
matory in nature. Because this disease entity might be more thari a medical 
cunosity and, therefore, confront clinicians in the future, it is considered neces- 
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sary to tag the syndrome by an appropriate term. Since the syndrome is little 
known, especially etiologically and onlj'^ to a very limited extent histologically 
and phA^siologically, the noncommittal term “angiomesohyperplasia” is suggested. 

SUMMARY 

An adult Negro with occlusive vascular disease has been described. The 
disease was generalized, but affected principally the arteries of the lower extremi- 
ties and heart. Thermocouple and plethysmographic studies confirmed the 
occlusive nature of the disease, which was further substantiated by biopsy 
studies. The etiological nature of the disease is not apparent: .therefore, a 
descriptive name, “angiomesohyperplasia,” has been submitted for the syndrome. 
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RUPTURE OF THE HEART FOLLOWING ACUTE 
MYOCARDIAL INFARCTION 

Incidence in a Public Hospital, With Five Illustrative Cases 
Including One of Perforation of the Interventricular 
Septum Diagnosed Ante Mortem 

R. S. DiAz-RmsRA, M.D.,* and A. J. Miller, M.D. 
Louisville, Ky. 


R upture of the heart following coronary artery occlusion with infarction 
has been a pathologic rarity until recent years, and its clinical evaluation 
has not been well recognized by physicians. 

In 1925, Krumbhaar and CrowelP made a thorough review of 654 cases of 
cardiac rupture, including an analysis of twenty-two cases of their own. They 
concluded that the perforation usually develops in the wall of the left ventricle, 
that it usually occurs in the aged, and that it is practically always due to coro- 
nary disease. .They found the lesion to be more frequent in the anterior surface 
of the left-ventricle following acute coronary artery thrombosis, and less frequent, 
in slow occlusion of these vessels. Rupture of a ventricular aneurysm from a 
chronic infarct is a rarity. In 1940, Martland^ reported forty-two cases of 
rupture of the heart among 2,000 patients who had died suddenly. In the 2,000 
cases, coronary occlusion with thrombosis was encountered in 304, and "coro- 
nary insufficiency” in 112. There were 59 aneurysms of the left ventricle, but 
none ruptured. Thus, 13.8 per cent of all cases presenting acute coronary'’ 
artery thrombosis with fresh infarction, and 5.75 per cent of all patients suffer- 
ing from coronary heart disease, died from cardiac rupture. In 1942, Edmondson 
and Hoxie® found an incidence of 8 per cent of cardiac rupture among 865 cases 
of recent myocardial infarction in an analysis of 25,000 patients upon whom 
necropsies had been performed. In 1944, Friedman and White^ reported 270 
cases of myocardial infarction, 105 recent and 165 healed. Among the healed 
lesions, numerous ventricular aneurysms were observed without a single rupture. 
Of the 105 cases of recent infarction, rupture of the heart occurred in ten in- 
stances (9.5 per cent). In every case, the mechanism of death was attributed to 
tamponade due to hemopericardium. Four of their patients had hypertension, 
seven were men and three, women; the youngest was 51 years and the oldest, 80 
years, the average age being 65.7 years. Five of the patients were inadequately 
treated in relation to bed rest. In eight instances the anterior descending branch 
of the left coronary artery was acutely occluded, and the circumflex branch in 
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two. Death was sudden in every instance, occurring two to ten days after the 
onset of the infarction. In 1944, also, Jetter and White® reported a series of 
tw'cnty-two cases of fresh myocardial infarction occurring among inmates of a 
mental institution. Sixteen (72.7 per cent) died from tamponade following rup- 
ture of the heart. Ten were men and 6, Avomen; the youngest was 48 years and 
the oldest, 83 years, the average age being 66.5 years. Fourteen (87.5 per cent) 
had had hypertension, and only one complained of anginal pain. Ten were 
ambulatory, four had partial bed rest, and only two were in bed for the last 
tAvelve hours of their lives. The clinical diagnosis of myocardial infarction was 
missed in every case. The location of the infarct through which the rupture 
occurred was as follows: anterior Avail of left A^entricle in five, the posterior AA^all 
in tAA'o, and the lateral AA^all in one instance. Both the left ventricular Avail and 
the interventricular septum Avere sites of infarcts in seA^en cases, Avhile in one, 
both ventricles and interA''entricular septum Avere similarly affected. Presumably, 
death occurred Avithin the first tAvo AA^eeks after onset of infarction in fourteen 
cases, and Avithin three AA^eeks in tAv^o cases. These authors failed to discover a 
single case of cardiac rupture among tAventy-five cases of healed myocardial 
infarcts studied in the same institution. 

Rupture of the interventricular septum folloAving myocardial infarction is 
of rarer occurrence. Latham® reported the first case in 1845. In 1934, Sager‘S 
AA'as able to collect eighteen cases from the literature. In 1942, there Avere thirty- 
four cases on record, and until 1943, only one more case had been added; only 
five cases had been diagnosed ante mortem. Recently, Master and RusselF 
have reported a case of interA’’entricular septal rupture folloAving acute myocar- 
dial infarction complicated by obstruction of the superior vena cava AALich they 
Avere able to diagnose ante mortem. 


MATERIAL 

Among 1,250 autopsies performed at the Louisville General Hospital during 
the last five years (1939 to 1944), a total of 147 cases presented myocardial in- 
farction. Of these, ninety-four were old infarcts and fifty-three AA^ere fresh in- 
farcts. Of the cases of recent infarction, fiA^e died from rupture of the heart. 
None of the hearts presenting chronic infarction had ruptured. In four, there 
Avas perforation of the left ventricle, and in one, rupture of the interventricular 
septum. Thus, 9.5 per cent of the cases AA-ith recent infarction died from rup- 
ture of the heart. All the cases that presented perforation of the left ventricle 
died from tamponade foIloAAung hemopericardium. 

CASE REPORTS 

Case 1. — M. C., a 74-year-oId white housewife Avas first seen in the Medical Clinics of the 
Louisville General Hospital on April 24, 1941. At that time she complained of dyspnea on ex- 
ertion, headaches, and dizzy spells. Her blood pressure was 200/100. Urinalysis revealed a 
specific gravity of 1.009 and a trace of albumin. Symptomatic treatment failed to change her 
blood pressure, and her original complaints intensified. On March 11, 1944, she developed 
nausea'and vomiting and severe dizziness accompanied by unquenchable thirst. Two days later, 
she developed a severe pain in the precordium, accompanied by dyspnea Avhich required hospitali- 
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zation on March 14, 1944. Her past and family histories were essentially negative except for 
evident memory changes during the past three years. 

On admission she had a temperature of 101“ F., a pulse rate of 140 per minute, and a blood 
pressure of 182/102. Moist rSles were heard over both lung bases and her heart was enlarged 
to the left and down. A systolic murmur was heard in all valve areas. The physical exploration 
was negative otherwise. Blood studies on admission revealed a white cell count of 14,500, with 
80 per cent polymorphonuclear leucocytes, and the sedimentation of erythrocjtcs was markedly 
hastened. Examination of the urine showed a moderate amount of albumin and a specific gravity 
of 1.005. - . 

In spite of absolute rest in bed and medication with aminophylline and papaverine in proper 
doses, her temperature increased to 103° Fahrenheit. On March 15, 1944, while talking to the 
nurse, she was taken with severe pain in the precordium and became cyanotic, raised her arms, 
and died. 

Necropsy: On opening the chest cavity, the pericardial sac was found to be bulging with 
160 c.c. of liquid blood and 240 Gm. of clot. After removal of the pericardial contents, the heart 
weighed 350 grams. Just to the left of the anterior inter\'entricular sulcus, near the ape.x, a 
jagged, longitudinal slit in the epicardium measuring 3 cm. in length and surrounded by an ecchy- 
motic area was observed. Exploration with a blunt probe demonstrated that the underlying 
myocardium was undermined for a distance of 1 cm. in all directions, and that there were sev'cral 
circuitous tracts connecting the left ventricular cavity with the outside. A blood clot measuring 
2 cm. in length was occluding the circumflex branch of the left coronary artery. Severe sclerosis, 
with partial or complete occlusion, was observed in all the coronary vessels. Multiple myo- 
cardial scars throughout and one large fresh infarct at the point of rupture were demonstrated. 
There were several fresh infarcts in both lungs, and there was evidence of marked nephrosclerosis. 

Case 2. — M. V., a 78'year-old white widow, was first seen in the Louisville General Hospital, 
on Aug. 1, 1937, with remnants of a left-sided hemiplegia which occurred in December, 1936. 
At the time of admission, she complained of headaches and dizzy' spells. Her blood pressure was 
190/110. Her heart was enlarged to the left on percussion. She was treated sy'mptomatically 
in the Medical Clinics for three y'ears with little, if any, improvement. On June 26, 1939, she was 
admitted to the hospital in a critical state of shock. Six days before she had felt below par, had 
had dyspnea, and went to bed. At about 3:30 A. M. on the day of admission, she awakened her 
daughter with a cry. On arrival at the hospital she was gasping for breath, her pulse was not 
felt, and the blood pressure could not be measured. In spite of strenuous measures, she died 
at 5:40 A. m. 

Necropsy: The pericardial cavity' was filled with a layer of coagulated blood measuring 2 
cm. in thickness. After removal of the clot, two areas of hemorrhage, one messuring 2 cm. and ' 
the other 0.5 cm. in diameter, were observed in the posterior aspect of the left ventricular wall. 
On further exploration, in the center of the ecchy'motic areas two perforations were seen which 
rvere found to join at some depth in the wall and to form a single sinus, which opened into the 
cavity' of the left ventricle, near the apex, where a jagged tear was visible. Practically two- 
thirds of the posterior wall of the left ventricle was necrotic and hemorrhagic. The remainder 
of the myocardium of the left ventricle was studded with scars, many' of these being quite large. 
The coronary' arteries were markedly' sclerosed, and the left circumflex branch was completely 
occluded by a thrombus. 

Case 3. Z. C., a 51-year-oId white widow, was admitted to the Louisville General Hospital 
on Jan. 22, 1943. She stated that for the last five days she had been feeling dizzy', and that forty 
ours previous to admission, while sitting on a chair, she had been seized with a very'' severe 
sta ^ mg pain in the precordium, radiating down her arms, and extreme dyspnea. She had no 
previous history of anginal pain. 

On e^mination, the pain was continuous, the dy'spnea intense, and she was vomiting pro- 
usely. Her blood pressure was 140/110; temperature, 98.4° F.; pulse rate, 120; and the respira- 
per minute. Moist rales were heard over both lung bases, and the heart was enlarged 



DIAZ-RIVERA AND MILLER : RUPTURE FOLLOWING MYOCARDIAL INFARCTION 129 

to the left and down, and the sounds were distant with occasional extrasj'-stoles. She was given 
morphine sulfate and atropine, the pain subsided, and she felt more comfortable. 

On admission, a white blood count .showed 9,000 cells per mm., of which 78 per cent were 
polymorphonuclear leucocytes. The er 5 Throcj'-te sedimentation rate was hastened. An electro- 
cardiagram demonstrated bundle branch block and changes suggesting a fresh infarct in the 
anterior surface of the left ventricle. 

On Jan. 23, 1943, she complained of "fluttering of the heart,” and was very anxious. The 
skin was moist and clammy and her heart was very irregular, the rate being about 172 per minute. 
Later in the day her pulse was 190 per minute, and her blood pressure was 78/62. Digitalis was 
administered intravenously, and she responded fairly well. On Feb. 2, 1943, her temperature 
was 101° Fahrenheit. She complained of annoying pains in the precordium and her blood pressure 
was 104/ 66. On Feb. 4, 1943, she suddenly developed extreme dyspnea and cyanosis, and died 
. within a few seconds. 

Necropsy: The pericardial cavity was filled with liquid and coagulated blood, part of which 
was beginning to organize. The heart weighed 400 grams. On the anterior surface of the left 
ventricle, near the apex, a fresh infarct 2.5 cm. in diameter was found which involved part of 
the interventricular septum. The infarcted area was ver}' soft, and a tear about 5 mm. in length 
was seen extending b 3 ' circuitous sinuses into the interior of the left ventricle. About 2.5 cm. 
from its origin a clot was found occluding the anterior descending branch of the left coronar>" 
arterj'. There was severe sclerosis of the other coronary arteries, with a reduction of their lumina, 
but no old infarcts were observed. The affected portion of the interventricular septum was so 
soft that dull probes could be passed through it without difficulty. 

Case 4. — ^A. McF., a 63-year-old white woman, %vas first seen in the clinics of the Louisville 
General Hospital on Jan. 10, 1941, complaining of dj^^spnea and orthopnea of three years’ duration. 
The blood pressure at that time was 150/94 and her extremities were moderatel 3 ’' edematous. 
On Aug. 7, 1942, she complained of pain in the back and abdomen, as well as of dizz}^ spells. At 
that time she presented some enlargement of the heart and her blood pressure was 170/90. On 
June 28, 1943, she was admitted to the hospital because of pain in the abdomen, vomiting and 
constipation, and severe dyspnea and orthopnea. On ph 3 'sical e.xamination, her blood pressure 
was 170/90, her temperature was 100° F., pulse rate, 100, and respirations, 26 per minute. Her 
s 3 'mptomatolog 3 '^ suggested a low intestinal obstruction, and she was transferred to the surgical 
wards on June 29, 1943. She was given intravenous fluids (7,000 c.c.) and treated b 3 ' Wangen- 
steen suction. On July 5; 1943, her abdomen was less distended and she felt better, but on July- 
8, 1943, she suddenly' developed severe orthopnea, became cyanotic, and died in fifteen minutes. 
(She had a leucocytosis of 18,350 on the day' before death, and her temperature had gone up to 
103° Fahrenheit.) 

Necropsy: The pericardial cavity was distended with 500 c.c. of clotted blood. On the 
anterior surface of the left ventricle, near the apex, a large fresh infarcted area was observed. 
There was a ragged tear in the epicardium measuring 8 mm. in length. This external opening 
communicated by' multiple sinuses with the cavity of the left ventricle. A large thrombu.s was 
found to be occluding the anterior descending branch of the left coronary' artery, about 2 cm. 
from its origin. Marked sclerosis with reduction of the lumina was seen in all the coronary' arteries, 
and areas of my'ocardial scarring were visible both grossly' and microscopically. Aside from the 
cardiac findings, there were pelvic abscesses and multiple intestinal adhesions. 

Case 5.— E. G. H., a 65-year-old white man, was admitted to the Louisville General Hospital 
on July 23, 1943, with a severe pain in the precordium radiating to the left arm and accompanied 
by intense dy'spnea. He stated that for the last few years he had had similar attacks of paroxy’smal 
precordial pain lasting from 15 to 30 minutes, and usually precipitated by- excercise. On the 
day of admission he had had an anginal seizure which was so severe that he could not move and 
gasped for breath. 

On examination, his temperature was 101° F.; pulse rate, 110; and respirations, 30 per minute. 
His blood pressure was 160/95. His heart was enlarged to the left but no murmurs were heard. 
A white cell count of 16,400 per c.mm. with 87 per cent poh'morphonuclear leucocytes was re- 
corded on the day' of admission. 
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On his second hospital day, a systolic murmur was heard at the apex and third intercostal 
space to the left of the sternum, which increased in intensity as the hours passed. The blood pres- 
sure was 75/50 by 1:00 p. m. An electrocardiogram taken at this time showed a right axis devia- 
tion, multiple premature ventricular contractions, and changes suggesting anterior infarction 
of the left ventricle. At 2:10 p. m. of the same day, his systolic blood pressure was 50 mm. Hg. 
(the diastolic pressure could not be determined) his temperature was 104 degrees F., Cheyne- 
Stokes respirations were present, and his pulse rate was 20 per minute. A few minutes later, the 
murmur became harsher, and he died after becoming deeply cyanotic. The clinical diagnosis 
was anterior myocardial infarction with rupture of the interventricular septum. 

Necropsy: On the anterior surface of the left ventricle near the apex, a large fresh infarct 
measuring 2.5 cm. in diameter was seen surrounded by an ecchymotic area which included part 
of the apex. A ragged hole 1 cm. in diameter was discovered in the interventricular septum about 
1.5 to 2 cm. from the apex. The coronary arteries were sclerotic, with marked reduction of their 
lumina, but the examiner failed to discover an occluding thrombus in the anterior descending or 
circumflex branch of the left coronary artery. .%ide from the cardiac findings, there were micro- 
scopic signs of early bronchopneumonia and benign nephrosclerosis. 

ANALYSIS OF CASES 

In Spite of the small number of cases presented in this paper, certain signifi- 
cant facts deserve consideration. The incidence of rupture of the myocardium 
following acute myocardial infarction was 9.4 per cent. This is in agreement 
with the latest reports.*’^ The average age was 66.2 years, with variations of 
51 to 78 years. All of our patients belonged to the white race. Four subjects 
had hypertension; from one (Case 5) no record of the blood pressure was ob- 
tained previous to admission. Two patients were not properly treated in re- 
lation to medication and bed rest. The accident occurred in the home of one 
(Case 2), and she was dead a few minutes after admission to the hospital. The 
other (Case 4) had symptoms of intestinal obstruction masking the picture of 
myocardial infarction; as a result treatment Avas not directed to the heart. In 
the other three cases, the treatment for myocardial infarction was propitious 
by all standards, and the patients died in bed while receiving proper medication. 
The high temperature recorded in these patients suggested severe myocardial 
damage, and in all but two, electrocardiographic evidence of the infarction was 
obtained. 

The ante-mortem diagnosis of rupture of the interventricular septum in 
Case 5 was based upon the history which suggested acute myocardial infarction, 
the sudden appearance of a systolic murmur which urns best heard near the 
cardiac apex and which increased in intensity as the hours elapsed, and the 
electrocardiographic findings consisting of e\ddence of anterior myocardial in- 
farction and right axis deviation. 

All the patients died within two to thirteen days after the onset of the 
myocardial infarction, with an average survival of 6.2 days. This is confirma- 
tory of the findings of others that rupture of the heart occurs, as a rule, within 
ten to fourteen days after the onset of myocardial infarction.^-^ The period of 
survival after the cardiac rupture in three cases where enough information 
cou ® o tained to exactly fix the time varied between tAvo hours and ten 
f days. Evidence that death did not occur instantaneously 
e per oration was obtained at autopsy. In eA’^ery case of rupture of the 
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left ventricle, large amounts of ante-mortem clot were seen in the pericardial 
cavity; in Case 3, the clot Avas beginning to organize. 

All deaths from rupture of the left ventricle could be attributed to tampon- 
ade, and in every instance a large infarct in different stages of liquefaction 
Avas obserA^ed. In three patients, an infarcted area AA^as seen on the anterior sur- 
face of the left ventricle; in one, on the the posterior surface; and in three, there 
Avas involvement of the interA'-entricuIar septum as AA^ell as 'the left ventricular 
AA'all. One or more points of perforation, A^-arying in size and, as a rule, jagged, 
Avere seen in every case. These AA-ere seen on the anterior suiface of the left 
ventricle in three instances, on the, posterior surface in one, and in the inter- 
ventricular septum in another. The perforation in the interventricular septum 
AA^as 1.5 to 2 cm. from the cardiac apex. In four patients there AA^as thrombosis 
of one of the main branches of the coronary arteries, mainly the anterior de- 
scending and the circumflex. In one instance (Case 5) there AA^as marked narroAA^- 
ing of the lumina of the coronary arteries, but no thrombosis AV’^as demonstrated. 
In eA''ery patient marked arteriosclerosis of these A^essels Avas observed (Table I). 

COjMMENT 

The various causes of rupture of the AA^all of the heart or the interventricular 
septum may be either traumatic, ulcerative, or secondary to massive infarction 
folloAA'ing thrombosis or marked narroAAdng of the major branches of the coronary 
arteries. The traumatic variety of rupture is by far the most common,. and 
results, as a rule, from stab or bullet AAwnds of the heart. Rupture due to ulcera- 
tion is rare and is ahA^ays secondary to acute bacterial endocarditis. Perforation 
of the interventricular septum may be congenital, as a rule occurring in the 
upper portion or membranous portion of the septum, in contradistinction to the 
acquired type AA'hich is found, as a rule, in the thicker portion near the apex of 
the heart. 

In this paper AA^e are dealing Avith the type of perforation AA^hich results from 
massive myocardial infarction folloAving coronary artery occlusion. The mecha- 
nism of spontaneous rupture in these cases is not aa^cII understood. But, no doubt, 
liquefaction necrosis in the infarcted tissue AA-^eakens the AA^alls of the heart to a 
marked degree. ‘ Rupture probably occurs during systole, perhaps folloAving an 
, increase in the intraA'-entricular pressure precipitated, in the majority of oc- 
casions, by ph^'-sical exertion. 

It is knoAAm that the intraventricular pressure is greater in the erect than 
in the supine position, and that the cardiac output is increased during physical 
exertion. The increase in cardiac output is associated AAUth an increase in the 
diastolic volume of the heart and, thus, an increase in the volume of the left 
ventricle at the beginning of systole. This . may be contributory to the greater 
incidence of rupture of the myocardium folloAving infarction among ambulatory 
patients than among those kept in absolute bed rest for a feAv AA'eeks. 

The clinical picture of cardiac rupture secondary to myocardial infarction 
is that of acute coronary artery occlusion with sudden death. The great ma- 
jority of the cases of rupture of the ventricular AA^all are not diagnosed clinically. 



TAiitiE I. Rupiure of the Heart Following Myocardial Infarction. Analysis of 5 Cases 
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The clinical diagnosis of rupture of the interventricular septum is based 
upon the sudden appearance of a loud sj'^stolic murmur, best heard over the fourth 
and fifth intercostal spaces to the left of the sternum following myocardial in- 
farction. On occasion, a thrill can be palpated over the same areas. Further- 
more, this systolic murmur becomes harsher with time. Auriculoventricular 
conduction defects are rarely present in this condition, and the electrocardio- 
graphic tracings show changes consistent with myocardial infarction, and right 
ventricular strain. The period of survival after the accident may vary from a 
few hours to eight months.® 

SUMMARY AND CONCLUSIONS 

1. In a series of 1,250 consecutive autopsies performed at the Louisville 
General Hospital during the past five 3 ^ears, there were '147 cases of myocardial 
infarction. Of these, fifty-three were acute, and ninety-four were chronic. ^ 

2. Rupture of the heart was observed in five instances. This accident 
occurred exclusively’’ in patients with acute infarction. In four patients, there 
was rupture of the wall of the left ventricle, and in one, perforation of the inter- 
ventricular septum. Thus, 9.4 per cent of the patients of this series with acute 
■infarction died from this accident. 

3. Rupture of the interventricular septum was recognized ante mortem. 
Diagnosis was based upon the history of severe anginal pain, the sudden ap- 
pearance of a sy’stolic murmur which rapidly increased in intensity, and the 
electrocardiographic evidence of myocardial infarction and right axis deviation. 

4. In every instance of rupture of the left ventricle, ante-mortem clotting 
in the pericardial sac was observed, and in one case, this clot was beginning to 
organize. It is evident that in the majority of the patients of this series death 
did not occur instantaneously with cardiac rupture resulting from acute my’o- 
cardial infarction. 
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PAROXYSMAL AURICULAR TACHYCARDIA AT A RATE OF 

86 PER MINUTE 

Report of a Case 

Ralph Miller, M.D., David Biber, M.D., and 
Julius S. Perelman, M.D. 

Newark, N. J. 

D uring a paroxysm of auricular tachycardia the heart beat is usually 
excessively rapid, and a rate of less than 140 per minute is exceptional. 
Lewis^ stated that the rate may be as low as 110 per minute. Miller and Perel- 
man^ recently reported two cases of paroxysmal auricular tachycardia with un- 
usual response to change in posture; the rate in the supine position Avas as low as 
lOQ per minute in the first case and 113 per minute in the second. Iliescu and 
SebastianP described an interesting case in which quinidine brought about a 
gradual slowing of the rate of an auricular tachycardia from 158 to 83 per minute 
before the normal sinus mechanism was resumed at 79 per minute. In the present 
communication we record a case in which paroxysmal auricular tachycardia 
occurred spontaneously at a rate of 86 per minute. The patient was in the 
sitting position and no drugs had been administered. 


case report 


H. H., a 39-year-old Negro woman, was referred to the clinic in November, 1945. Her 
present illness had begun in March, 1940, when she first complained of dyspnea on exertion, cough, 
expectoration, and hemoptysis. She was found to have far-advanced pulmonary tuberculosis and 
was sent to a sanatorium. After fifteen months of treatment, consisting of bed rest and graduated 
exercise, she was discharged with her disease apparently arrested. She felt quite well until shortly 
before she was seen at the clinic, when her original symptoms returned. On c.vamination she 
appeared'to be well nourished and well developed. There was pallor of the mucous membranes. 
The thyroid gland was not enlarged. The thorax was symmetrical in contour. Expansion of the 
chest was normal and there was no impairment of the percussion note. The breath sounds were 
diminished and scattered rales were audible throughout both lung fields. The apex beat of the 
heart was not displaced, no thrills or murmurs w'ere present, and the heart sounds rvere normal. 
The heart rate was 84 per minute and the rhythm appeared to be regular. The blood pressure 
was 120/80. The liver and spleen were not palpable and there was no peripheral edema. 

An x-ray film of the chest revealed diffuse, scattered, productive infiltrations throughout 
both lung fields. The heart was vertical in position, and there was marked prominence of the 
pulmonarA' artery segment. The aortic knob was poorly visualized. Repeated examinations of 
the sputum were consistently negative for tubercle bacilli. The blood count showed a mild 
normocytic anemia and a normal white blood cell and differential count. The erAdhrocjde sedi- 
mentation rate was 80 mm. in one hour. The blood Kline test was negative. The urine was 
normal. 


Prom the Cardiac Clinic of the Newark Health Department, 
ileceived for publication Jan. 25, 1947. 
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The patient became progressiveh' more dj'spneic on exertion, and also suffered from attacks 
of paroxysmal dyspnea while at rest. She died suddenly during one of these paroxysms of dyspnea 
of Feb. 21, 1946. The cause of death was presumed to be pulmonary insufficiency. Necropsy 
was not performed. 

ANALYSIS OF ELECTROCARDIOGRAMS 

Frequent electrocardiograms were taken. Two of these will be reported in 
some detail. In both instances, the patient was in the sitting position and 
there had been no recent drug administration. Fig. 1 illustrates the electro- 
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Fig, i. — Electrocardiogram taken Nov. 29, 1945. Tlio following auricular complexes are identified 
as premature auricular contractions: In Lead I, the second, fourth, sixth, eighth, and tenth. In 
Lead II, the eighth and tenth. In Lead III, the second, fourth, and sixth. In Lead CF4, the fifth, 
seventh, and tenth. Note sinus arrhythmia and shifting of pacemaker in S-A node. 


cardiogram which was taken on Nov. 29, 1945. The dominant rhythm was of 
sinoauricular origin, with sinus arrhythmia and a shifting pacemaker in the 
sinus node. There was a tendency to right axis deviation. The P-R interval 
following normal sinus impulses was from 0.20 to 0.22 second in duration, and 
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the QRS interval measured 0.06 second. The S-T segment was slightly elevated 
in Lead I and depressed in Leads II and III. The T waves were inverted in 
Leads 11, HI, and CF 4 . This pattern Avas believed to be indicative of right 
ventricular strain. The dominant rhythm was interrupted by frequent auricular 
premature contractions. A bigeminal rh^Ulim was present in Lead 1. The 
ectopic P waves were more sharply peaked and narrower than the normal auricu- 
lar complexes, and tvere multifocal in origin. The P-R interval corresponding 
to ectopic P waves was prolonged from 0.28 to 0.34 second. The coupling 
betAveen normal and ectopic beats Avas not fixed. The inter-extrasystolic in- 
terval Avas constant in Lead I, and measured 1.36 seconds. It A^aried slightly 
in the other leads, betAA^een 1.29 and 1.31 seconds. 

The tracings shown in Fig. 2 Avere recorded on Dec. 4, 1945. In Lead II 
the first eight beats constituted a run of a paroxysmal auricular rhythm AA^hich 
terminated abruptly and Avas folloAA^ed by a postparoxysmal pause. The interval 
between beats measured 0.70 second, corresponding to a rate of 86 per minute. 
The P waves AA^ere definitely aberrant, and Avere higher in voltage than the 
normal P Avaves. The P-R interval A\'as prolonged to 0.36 second. The ninth, 
eleventh, and sixteenth auricular complexes AA^ere of normal sinus origin. The 
P-R intervals folloAAung these beats varied from 0.24 to 0.28 second. The tenth 
auricular beat AA^as an isolated auricular extrasystole. The tAA-elfth, thirteenth, 
fourteenth, and fifteenth auricular beats AA'ere ectopic and varied in form, in- 
dicating a shift of the ectopic pacemaker. The scA^enleenth and eighteenth 
auricular beats Avere of sinus nodal origin, but outside of the normal pacemaker. 
The P-R interA'^als of the latter tAA’^o beats vj^ere 0,22 and 0.24 second, respectively. 
It AA'ill be noticed that the interA^als betAA'een the eighth and tenth, and the tenth 
and tAvelfth P AA^aves AA^ere tAAnce that of the shorter inter-extrasystolic interA^al. 
In Lead III, also, a short run of auricular extrasystoles occurred at the beginning 
of the tracing. This run consisted of six beats. FolloAA^ng a postparoxysmal 
pause, the normal sinus mechanism AA'as resumed at a rate of about 70 per minute, 
AAUth shifting of the pacemaker in the sinus node. The eleA'enth and seA^enteenth 
auricular beats AA''ere extrasystoles. It is of particular interest that the interATil 
betAA^een the sixth and seventeenth auricular beats AA'as an almost exact multiple 
of the shorter inter-extrasystolic intervals. 

Electrocardiograms AA'^hich Avere taken on other occasions consistently shoAA'ed 
frequent premature auricular contractions. The P-R inter A’’al of normal beats 
Avas from 0.20 to 0.26 second, AA^hile that of the premature beats A^aried from 
0.281:0 0.36 second. 

The ectopic P AA^aA’^es could be differentiated definitely from nomotopic 
beats due to the folloAAung facts; (1) They AA’ere quite markedly aberrant. (2) 
In Lead II the voltage of some of the ectopic beats AA^as higher than that of the 
normal sinus beats. If the pacemaker AA''ere dislocated from its normal position 
to one lower in the S-A node, the P Avave should decrease in voltage. (3) The 
R interA'^al of ectopic beats AA’as much longer than that of the normal sinus 
eats. Again, AA’ith a shift in the pacemaker in the sinus node, a P-R interval 
that Avas normal, or shorter than normal, should be anticipated. 
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The runs of extrasystoles which are shown in Fig. 2 fulfilled the following 
criteria for the diagnosis of paroxysmal auricular tachycardia; (1) the P waves 
were definitely aberrant, (2) the first beat of the paroxysm was premature, (3) 
the last beat was followed by a postparoxysmal pause, and (4) the rhythm during 
the paroxysm was perfectly regular. The rate of the paroxysm, however, did 
not fall within the tachycardiac range since it was only 86 per minute. It was, 
nevertheless, faster than the rate of the normal sinus rhythm which, at the 
time, was only 70 per minute. 


DISCUSSION 

Two main theories have been advanced as a possible explanation for the 
mechanism of paroxysmal auricular tachycardia, namely re-entry and para- 
systole. Movitt‘ stated that auricular tachycardia probably is not due to a higher 
center of rhythmicity since, if such were the case, rhythms would be observed 
with rates from 90 per minute and up. He stated further that most authorities 
regard auricular tachycardia as due to the re-entry phenomenon. Lewis,® how- 
ever, pointed out that the main objection to the re-entry theory is the presence 
of an isoelectric interval between auricular beats. Barker, Wilson, Johnston, 
and Wishart® countered this objection with the hypothesis that the re-entrant 
wave involved in part of its pathway either the S-A or A-V node; the impulse 
would be delayed in traversing nodal tissue and during this interval would not 
cause a deflection in the electrocardiogram. In paroxysmal tachycardias at low 
rates of speed, however, the isoelectric interval would be too prolonged to ac- 
commodate this mechanism. We agree with the contention of Iliescu and Se- 
bastianp that, in their case, a rate of a paroxysmal auricular tachycardia of only 
83 per minute made the re-entry theory untenable, and the same applies to 
our case. 

In parasystole, ectopic beats occur at intervals which bear no fixed re- 
lationship to the normal sinus rhythm but have a regular, inherent rhythm of 
their own, so that the interval between extrasystolic beats is an exact, or nearly 
exact, multiple of a least common denominator. These criteria were fulfilled in 
our case. As can be seen in Fig. 2, the longer inter-extrasystolic intervals were 
almost exact multiples of the shorter intervals between beats during runs of 
tachycardia. 

If the theory of parasystole be applicable to an auricular rhythm, the as- 
sumption must follow that an impulse can arise, de novo, from auricular tissue, 
a fact which is not generally accepted. WTiether the auricle possesses a specific 
conduction system is unknown. Since it is doubted that an impulse can arise 
outside of the specific system, the explanation proposed for ectopic auricular 
rhythms is that they originate in rests of sinus nodal tissue scattered throughout 
the mass of nonspecialized auricular muscle.' If this hypothesis indeed be true, 
then it would be logical to expect that these aberrant rests potentially, at least, 
should possess the same properties as other portions of the specific system. 

enters of automaticity throughout the specific conduction system of the 
heart possess the potentiality of developing rhythms of varying rates of speed. 
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Rhythms of nomotopic origin may vaiy from a sinus bradycardia of as low a 
rate as 35 per minute through the range of normal sinus rhythm and into the 
fast rates of a sinus tachycardia, reaching levels up to 200 or more per minute. 
The lower centers of impulse formation, the junctional tissue and the ventricular 
conduction system, do not have tlie marked lability of the sinus node, but do 
give rise to rhythms of either very slow or very rapid rates, and, more rarely, 
intermediate rates which exceed the rate of the sinus pacemaker at the moment. 
Thus, A-V nodal rhythms are usually characterized by rates of 40 to 50 per 
minute and A-V nodal tachycardias by rates of 160 to 250 per minute. In the 
intermediate zone, rates of from 60 to 100 or more per minute may occur, and if 
this rate exceeds that of the sinus nodal pacemaker, A-V nodal interference 
dissociation may result. Similarly, still lower centers in the His bundle or bundle 
branches may exhibit the same phenomenon, giving rise to idioventricular 
rhythm, paroxysmal ventricular tachycardia, or interference dissociation. 

The case which we have described exhibited an ectopic auricular rhythm 
which was faster than the normal sinus rhythm at the time and, therefore, 
took control of the heart, but yet was at a subtachycardiac level (that is, the 
rate was only 86 per minute). We believe that this type of rhythm is analogous 
to A-V nodal or ventricular rhythms of intermediate rates of speed, as seen in 
interference dissociation. 


SUIMMARY 

1. An unusual auricular rhythm is described. It fulfilled the major criteria 
for the identification of paroxysmal auricular tachycardia, with the exception 
of the fact that the rate was comparatively slow at 86 per minute. The rate 
of the normal sinus rhythm at the time, however, was only 70 per minute. 

2. Theoretical implications are discussed, and it was concluded that the 
underlying mechanism of this arrhythmia Avas parasystole. 
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WOLFF-PARKINSON-WHITE SYNDROME IN A CASE OF 
CONGENITAL HEART DISEASE 

Max H. Stein, M.D. 

Brooklyn, N. Y. 


T ''HE majority of cases of the Wolflf-Parldnson-White syndrome reported 
in the literature have been normal young adults with no demonstrable organic 
heart disease. In his review of the literature on the subject, Bishop^ studied 
forty-five cases, and found a few patients who had acute glomerulonephritis, 
inactive rheumatic heart disease, and hypertensive cardiovascular disease asso- 
ciated with the syndrome under discussion. None of the cases in this series had 
congenital heart disease. Bishop concluded that when organic heart \disease 
was present, it was only coincidental, and not responsible for the syndrome of a 
short P-R interval and widened QRS complex of the bundle branch block type. 

Two possible explanations for the conduction disturbance of .the Wolff- 
Parkinson-White syndrome can be stated. It is a functional or a structural 
anomalous disturbance. 

Butterworth and Poindexter^ have experimented with cats and dogs by the 
use of an artificial electrical conducting pathway and were able to reproduce 
the pattern of the Wolff-Parkinson-White syndrome electrocardiographically. 
This evidence would be in favor of the explanation which attributes the S 3 mdrome 
to an anomalous structural disturbance. Wood, Wolferth, and GeckeleH have 
given additional eHdence in favor of this view. They reported a case of short 
P-R interval and prolonged QRS complex in a 13-year-old boy who died during 
an attack of paroxysmal tachycardia. The autopsy findings demonstrated 
accessory muscular connections between the right auricle and right ventricle, 
in the same general region as the ones described b}'’ Kent. 

On the other hand. Fox, Travell, and Molofsky'* described a case in a 20- 
year-old man, in whom they were able to widen the QRS interval with digitalis 
and shorten it with atropine. Thej'^, therefore, assumed that there was a vagal 
component in the mechanism of the Wolff-Parkinson-White s^mdrome. ■ 

Recently , the author® reported a case in Avhich an electrocardiogram showed 
alternation of normal complexes and complexes characteristic of the Wolff- 
Parkinson-White syndrome. It was felt that alternate conduction of auricular 
impulses through the bundle of His and through an aberrant auriculoventricular 
pathway, such as the bundle of Kent, would best explain this finding. . 

Since any observation which bears any relationship to the etiological ex- 

p anation of the Wolff-Parkinson-White syndrome is of interest, the following 
case IS being reported. i 


Received for publication Oct. 1, 1946. 
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CASE REPORT 

A 27-year-old soldier with three years and eight months service was admitted to the Regional 
Hospital at Fort Leonard Wood, Mo., on Oct, 12, 1945, after a routine ph 3 'sical examination for 
separation had revealed that he had tachycardia, clubbing of the fingers, and an enlarged heart. 

His past history and family history were honcontributory. He did not have any knowl- 
edge of heart disease, having led an active life and engaged in combat in the European Theatre 
of Operations with a field artillery unit. There was no histon' of shortness of breath, precordial 
pain, nor anj' other distress. There was no history of rheumatic fever nor chorea in the past. 
His face and hands alwa 3 's were rudd 3 ', but he considered this to be a normal condition. 



On physical examination, his face and neck were of a ruddy complexion. Both hands and 
feet showed definite cyanosis in the dependent position. There was a moderate clubbing of the 
fingers and toes. The heart rate was 78 per minute, and the blood pressure was 128/82 in the 
right arm and 124/8'2 in the left arm. There was a loud systolic murmur along the left sternal 
border, followed by a reduplicated second heart sound. The cardiac murmur was loudest betAveen 
the third and fourth left intercostal spaces in the recumbent and left lateral position. 

The electrocardiogram taken on Oct. 12, 1945, showed the pattern of the Wolff-Parkinson- 
White symdrome and vas unchanged each time it was repeated (Fig. 1). Atropine and exercise 
had no effect on the tracing. , An x-ray film of the heart showed unusually well-rounded contours 




142 


AMERICAN HEART JOURNAL 


with enlargement. The transverse diameter of the heart was 16 cm. and that of the chest was 
29.5 centimeters (Fig. 2). 

Blood Kahn was negative. Blood count showed 5,530,000 erythrocytes; hemoglobin, 109 
per cent (17.0 Gm.) ; and 10,000 white blood cells, with 71 per cent polymorphonuclear leucocytes, 
27 per cent lymphocytes, 1 per cent eosinophiles, and 1 per cent basophiles. Blood sedimentation 



Fig. 2. — Teleroentgenogram of heart made Oct. 12, 1945. 


rate (Westergren) was 3 mm. in one hour. The hematocrit showed 56 per cent volume of packed 
red blood cells. Urine was negativ^e. 

ether circulation time was performed on two separate occasions, several davs apart, 
and a double end point was found each time. It was found to be 3 and 7 seconds the first time, 
and 5 and 9 seconds on the recheck test. 
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COMilENT 

The diagnosis of congenital heart disease seemed to be warranted because 
of the cardiac murmur, x-ray findings, clubbing of the fingers, cyanosis, and 
double end point in the ether circulation time. The anatomic lesions present 
in this case were considered as possibly a patent interventricular septum, slight 
dextroposition of the aorta, and slight hypertrophy of the right ventricle. 

It is entirely realized that the occurrence of the Wolff-Parkinson-White 
syndrome in a single case of congenital heart disease constitutes no real evidence 
of the congenital origin of this disturbance. It is felt, nevertheless, that the 
a.'^sociation as it existed in the case reported is of interest. 


SUMMARY 

1. A brief resume of some of the etiological factors in the Wolff-Parkinson- 
White syndrome has been presented. 

2. A case is presented in which congenital heart disease was associated 
with this sjmdrome. 
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Vauglin, A. M.: Multiple Retrograde Saphenous Vein Ligation and Phlehcctomy "With 
Aid of Malleable Intraluminal Guide. Surgery 21:851 (June), 1947. 

In an attempt to counteract the tendency for recurrences of varicosities and the symptoms 
of chemical phlebitis which follow the use of a sclerosing solution after ligation of the saphenous 
vein, the author utiliaed a procedure involving high saphenous vein ligation combined with multi- 
ple retrograde ligation and excision of segments of vein. To overcome the difficulty of locating 
the saphenous vein above the knee, he inserted a flexible uterine probe into the lumen of the 
vessel near the fossa ovalis and passed it downward. With the guide in the vein, the vessel can 
be palpated easily through the subcutaneous tissue and thus exposed, dissected out, and a seg- 
ment removed. The guide was also utilized in locating and ligating incompetent communicating 
vessels. It was the author’s impression that recurrences still occurred with such a procedure, but 
that they were not as frequent as when ligation and retrograde injection were used. 

Abrmsson. 

Comroe, J. H., Jr., and Botelho, S.: The Unreliability of Cyanosis in the Recognition 
of Arterial Anoxemia. Am. J, M. Sc. 214:1 (July), 1947. 

Despite the two careful studies by Stadie and by Lundsgaard and Van Slyke which had in- 
dicated some years ago that serious arterial anoxemia may exist before even moderate cyanosis is 
visible, most physicians have continued to regard cyanosis as the most characteristic sign of 
anoxemia and the most reliable guide for intelligent oxygen therapy. The development of the 
oximeter by Millikan provided the authors with a new method with which they could repeat 
and e.xtend earlier studies, which had given the impression that excellent diagnosticians differ 
widely in their ability to recognize visually the presence of arterial anoxemia. It was found that 
the majority of 127 .observers were unable to detect the presence of definite cyanosis until the 
arterial oxygen saturation fell to appro.ximately 80 per cent; 25 per cent of observers did not note 
definite cyanosis even at arterial saturation levels of 71 to 75 per cent. There were marked vari- 
ations in the ability of an observer to note cyanosis in different subjects or even in the same sub- 
ject at different times. There were wide variations in color estimations when five to ten observers 
watched cyanosis develop in the same subject at the same time. 

It is concluded that the detection of cyanosis is dependent not only upon variable factors 
in the patient but also upon the ability of individual observers to note color changes. Visual 
impressions of cyanosis are unreliable. Serious grades of arterial anoxemia may be unrecognized 
by many physicians unless arterial blood is obtained and analyzed for oxygen content and ca- 
pacity. 

Durant. 

Katz, S., Hussey, H. H., and Veal, J. R.; Phlebography for the Study of Obstruction of 
the Veins of the Superior Vena Caval System. Am. J. M. Sc. 214:7 (July), 1947. 

Phlebography, by providing roentgen visualization of the veins, offers a method unequalled 
by other technique for defining and localizing lesions of the veins and determining the distribution 
e CO atera circulation. This method has been used mainly in connection with thrombosis 
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of the veins of the lower extremities. Its importance in similar lesions of the veins of the superior 
vena caval system has not been emphasized. It provides anatomic details which otherwise could 
be obtained only by dissection. For example, there is no other means to differentiate clinically 
obstruction of both innominate veins from occlusion of the superior vena cava, or axillary vein 
thrombosis from obstruction of the subclavian. There is no more accurate method for study of 
the development and extent of the collateral venous circulation. Simplicity is one of the features 
which adds to the attractiveness of the method, and it is almost entirely safe. The interpretation 
of the roentgenograms requires merely a superficial knowledge of anatomy; there is nothing like 
the difficulty encountered in attempts to interpret phlebograms of the deep veins of the leg in 
which anatomic variation is frequent and ideal visualization difficult to obtain. An error of 
interpretation may occur when the film is exposed too soon in which case there will appear to be 
an abrupt termination of the dye-filled veins, simulating obstruction. When there is doubt on 
this score, the phlebogram must be repeated, using a larger amount of the contrast medium so 
that the film can be made after a longer interval of time from the start of the injection. 

It is desirable to have venous pressure measurements made in conjunction with a phlebo- 
graphic studJ^ When there is obstruction in the veins of the superior vena caval system, the 
venous pressure usually is abnormally high and rises higher with the “exercise test.” ' It is often 
found that with the development of a collateral circulation the venous pressure becomes lower 
and may even become normal, although the response to the “exercise test” persists. This in- 
dicates functional improvement of the venous circulation, a fact which is not apparent from the 
phlebographic study alone. 

Durant. 

Hcyer, H, E., Winans, H. M., and Plcssingcr, V. I.: Alterations in the Form of the Elec- 
trocardiogram in Patients With Mental Disease. Am. J. M. Sc. 214:23 (July), 1947. 

In a series of 200 patients with mental disease, a high incidence of electrocardiographic aber- 
rations was noted as compared with 200 normal subjects. Definite changes were noted in 21.5 
per cent of the psychiatric patients, as compared with a frequency of only 3 per cent of such 
changes in the normal subjects. The similarity of many of these changes to those produced by 
emotional stimuli, and by artificial means of stimulation of the autonomic nervous system, is 
discussed. The need for caution in interpreting such findings as abnormal, when thej'^ are seen 
in mentally ill patients or in normal persons who are temporarily emotionally disturbed, is 
pointed out. 

Durant. 

Alexander, F., and While, P. D, : Four Important Congenital Cardiac Conditions 
Causing Cyanosis To Be DifTercnliated From the Tetralogy of Fallot: Tricuspid 
Atresia, Eisenmenger’s Comple.x, Transposition of the Great Vessels, and a Single 
Ventricle. Ann. Int. Med. 27:64 (July), 1947. 

The clinical, laboratory, and embiy^ologic features of the four types of cyanotic congenital 
cardiac disease mentioned in the title of the paper are briefly reviewed. In the case of tricuspid 
atresia, the Blalock operation was performed; and although the cyanosis was immediately im- 
proved by this procedure, the SJ^-month-old infant died suddenly seven and one-half hours post- 
operatively. At autopsy the tricuspid valve was undeveloped, and anatomic adaptations con- 
sisting of interatrial and interventricular septual defects were present. The l7-year-old patient, 
with transposition of the great vessels was also operated upon for the purpose of performing a 
Blalock procedure, but this plan was abandoned Avhen the anomaly of the great vessels was 
found. This patient. also died suddenly seven and one-half hours postoperatively. At autopsy 
the only anatomic adaptation consisted of a patent foramen ovale. The 1-month-old infant with 
the common ventricle (cor biloculare) was extremely ill throughout the four day hospitalization 
prior to his sudden death from circulatory and respiratory failure. The anatomic diagnosis was 
established at the autopsy table. Angiocardiograph}' or intracardiac catheterization was not 
us6d in any of 'the cases reported in this paper. 


Wendkos. 
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Hecht, H. H.: Heart Trauma: Myocardial Involvement (Contusion) Following a Non- 
penetrating Injury to the Chest (Airplane Accident). Ann. Int, Med. 27:12,6 (July), 
1947. 

A 34-year-old civilian air pilot had always been in good health prior to a severe chest injur}' 
which he suffered when he was violently pulled forward against the resistance of his safety belt 
during a plane crash. When admitted to the hospital, he was in shock and roentgenograms re- 
vealed fractures of the left fifth and sixth ribs, the right sixth and tenth ribs, the sacrum, the 
transverse processes of the fifth -lumbar vertebra, the right radius and ulna, and the left tibia 
and fibula. There was a small collection of fluid in both pleural cavities. Shock was treated 
with plasma, blood transfusion, and intravenous glucose and saline; with this therapy, the 
blood pressure rose from 90/60 to 110/70 and his shock state disappeared. 

Examination of the heart at the time of admission revealed no abnormalities. Twenty-four 
hours after the injury, he received an injection of 10 c.c. of adrenal cortical extract which was' 
followed two hours later by the development of cyanosis, severe dyspnea, and diaphoresis. The 
heart sounds during this episode of respiratory distress were muffled and the pulse rate had in- 
creased to 145 per minute. Within several hours he was again comfortable but the following 
morning the examiner noted a persistent tachycardia and an apical protodiastolic gallop rhythm. 
Because of the persistence of the gallop rhythm and the tachycardia, even on the fourth hospital 
day, an elctrocardiogram was made. This was found to be normal. Seven days following the 
injury another electrocardiogram was made and minor T wave changes in the unipolar precordial 
leads derived from Position 1 to Position 5 were noted. Electrocardiograms on succeeding days 
showed a progressive distortion of the T waves in these same leads and sixteen days after the 
accident, this deflection remained negative in precordial leads derived from Potisions 1, 2, and 3. 
He was discharged from the hospital twenty days after the accident, since he seemed to have 
made a good clinical recovery. When seen six months later he was quite well e.\cept for nonunion 
of the fractured left wrist. The electrocardiogram made at the time of this follow-up visit was 
entirely normal. 

The clinical findings and the temporar}' T-wave changes in the precordial leads are interpreted 
by the author as manifestations of contusion to the superficial layers of the myocardium close 
to the inters'entricular septum. He does not completely discard the diagnosis of a traumatic 
pericarditis. The possibility that the cardiac complications and the T-wave changes were causally 
related to the injection of adrenal cortical extract is dismissed by the author. 

Wendkos. 


Cavelti, Philip A.; Studies on the Pathogenesis of Rheumatic Fever. I: Experimental 
Production of Autoantihodies to Heart, Skeletal Muscle and Connective Tissue. 
Arch. Path. 44:1 (July), 1947.' 


The author previously developed “autoantibodies” to kidney tissue in rabbits and rats by 
injecting renal material in combination with bacterial substances, producing at the same time a 
glomerulonephritis. He then investigated the ability of streptococci to render other tissues 
antigenic, especially heart muscle, skeletal muscle, and connective tissue; structures that are 
chiefly damaged in rheumatic fever. 

Group A beta hemolytic streptococci were the source of the streptococcic pretein which was 
emulsified, mixed with emulsions of ground tissues from rats, and injected into other rats in- 
traperitoneally on ten successive days. This schedule was repeated as often as six times at monthly 
intervals. 


^ Serologic tests on the blood of these rats showed the presence of antibodies (high aggluti- 
nation titer) when their serums reacted in vitro with extracts of plain (untreated) homologous 
tissues. These autoantibodies reached their highest titer on the seventh day after the last in- 
jection, ut they were present to some degree many weeks after immunization. Control serums 
rom norma untreated rats and from rats treated with streptococci alone and with tissue emulsion 
^ tested. All control serums were negative. Serums from rats treated with 
^ ^ ^ roptocoixus tissue emulsion showed true specificity of the autoantibodies when they failed 
to react with heterologous tissue extracts, such as liver, kidney, or spleen. 
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Cavelti concluded that the streptococcus has the capacity of rendering certain substances of 
animal tissues antigenic for the homologous species, presumably by some loose cornbination 
between the streptococcus and the tissue substance. The antibodies formed in response can 
react with tissue component alone (without the presence of streptococci). Such antibodies may 
be designated as isoantibodies, and since they can cause damage in the same animal in vivo, the 
term “autoantibody” is applicable. 

Gouley. 

Aronson, S. F., and Leroy, E. : Electrocardiographic Findings in Leukemia. Blood. 
2:356 (July), 1947. 

The authors reveiw' eight cases of leukemia in an endeavor to determine the elect- ^cardio- 
graphic findings in this disease. In five patients, electrocardiograms w'ere taken le-^j than one 
month before death, and in the three other patients, five weeks, two months, and ..even months, 
respectively, before their death. 

Post-mortem e.Kamination was performed on all of the eight patients. In four of them, 
leukemic infiltrates w’ere noted in the various layers of the heart and particularly in the myo- 
cardium. These patients were among the five who presented signs of cardiac failure. In the 
other four patients, the small vessels of the myocardium w'ere engorged w'ith immature white cells. 
In two instances this capillary engorgement was associated with recent small foci of interstitial 
hemorrhages. Severe fatty degeneration was noted in one patient of this group, w-ho manifested 
clinical evidence of left heart failure. 

The electrocardiographic changes consisted of sinus tachycardia, S-T segment depression, 
T-wave inversion in limb and precordial leads, prolongation of the PR interval, and premature 
contractions. 

The authors believe that there is a close correlation between the presence of leukemia, myo- 
cardial infiltration, signs of heart disease, and abnormalities of the electrocardiogram. 

Bellet. 


Koenig, A., and Young, E. W.: The Sedimentation Rate in Myocardial Infarction. 

Pennsylvania M. J. 50:1060 (July), 1947. 

The authors studied the sedimentation curvvs in tw'enty-one cases of coronary occlusion 
with myocardial infarction. Thej' used a Cutler tube in a Linzenmeier rack wdth a column of 
blood 50 mm. long, and readings of the height of the red cell column w'ere made every five minutes 
for one hour. The normal rate of sedimentation by this method is generally considered to be_^l 
to 8 mm. in one hour for men and 1 to 10 mm. in one hour for w^omen. 

They found that the acceleration of sedimentation begins in the first hours after the throm- 
botic lesion occurs. The most rapid phase appears four or five days after the acute attack, and 
is characterized not only by a fall of 20 or 25 mm. in an hour, but also by the beginning of sedi- 
mentation in the second or even the first five-minute period. A curve of equal depth w'hich does 
not begin to fall until the third or fourth five-minute period indicates either the preliminary acute 
phase, or the beginning of improvement. These authors believe that improvement in the sedi- 
mentation curve is a prerequisite for allowing the patient to leave his bed. 

Tw'o cases are present in w'hich definite acceleration persisted for periods of tw^o to six months 
after the acute attack, 

Bellet, 

Neuhof, H.: Venous Thrombosis and Peripheral Pulmonary Embolization. Part I. 

Diagnosis of Venous Thrombosis in the Lower Extremities. J. Mt. Sinai Hosp. 14:110 

(July- August), 1947. 

In the diagnosis of venous thrombosis of the low'er extremities, the author presents the 
commonly described signs and also calls attention to a finding w'hich is apparently not generally 
known, namely, infiltration felt on palpation of the deep calf musculature. The area of infiltra- 
tion, which corresponds to the general region of the deep veins of the calf, is determined by having 
the patient rest his heels on the bed, flex the knees, and relax the calf muscles. Thickening and 
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infiltration deep to the gastrocnemius and tenderness are considered a positive sign. This finding 
may exist in venous thrombosis even when Homan’s sign is negative. The author also believes 
that records of the circumference of the calf should be obtained routinely on every patient at the 
beginning of bed illness. In this manner an increase due to venous thrombosis can more readily 
be determined. 

The author points out that venography cannot be depended upon to make the diagnosis of 
deep thrombophlebitis and that it is of decisive diagnostic value only if a normal venous pattern 
has been revealed and thus the absence of venous thrombosis established. He describes a modi- 
fication of the Bauer technique which involves the injection of an additional 20 c.c. of diodrast 
followed by further x-rays of the thigh and leg. This procedure produces better visualization of 
the femoral and iliac veins than is obtained with the original method. The author believes that 
the most important indication for femoroiliac venography exists in the case of the patient who 
has suffered a severe pulmonary embolism and in whom there is no clinical lead as to whether or 
not the embolus is derived from the legs. It is also useful in instances in which the diagnosis of 
thrombosis cannot be made clinically. 

Abramson. 


Baehr, G., and Pollack, A. D. : Disseminated Lupus Erythematosus and Diffuse Sclero- 
derma. J. A. M. A. 131S1169 (Aug. 2), 1947. 

In 1942, Klemperer and the authors employed the term “diffuse collagen disease" to indicate 
that in disseminated lupus erythematosus and in diffuse scleroderma, the basic morphologic 
changes were found in the connective tissues. Similar but less conspicuous changes in the con- 
nective tissues are observed also in rheumatic fever, periarteritis nodosa, rheumatoid arthritis, 
thromboangiitis obliterans, and serum sickness. The following report is a reiteration and ampli- 
fication of their veiws on the subject. One important purpose of this report is to emphasize that 
the allergic basis for this condition is far from proven. 

Connective tissue can react to injury in three basic ways: by fibrinoid degeneration or necro- 
sis, by fibrillar augmentation or sclerosis, by cellular proliferation, or by a combination of these 
changes. Fibrinoid degeneration of collagen can occur both as a general or as a local expression 
of injury in a variety of heterogeneous and dissimilar disease processes. Fibrinoid degeneration 
of collagen is, therefore, not a pathologic process of sufficient specificity to seia'e as a reliable com- 
mon denominator for the classification of disease. It certainly does not warrant the grouping 
of all such conditions into a common category of allergic diseases. 

Disseminated lupus erythematosus and diffuse scleroderma have in common a similar mor- 
phologic expression, namely, fibrinoid degeneration of collagen and identical lesions of blood 
vessels, glomeruli, endocardium, and the serous and synovial membranes. However, they are 
•SO dissimilar clinically that thej^ seem related neither to each other nor to rheumatic fever, rheuma- 
toid arthritis, serum sickness, periarteritis nodosa, or thromboangiitis obliterans, in which similar 
collagen changes may occur as part of the pathologic process. 

Acceptance of an allergic basis for these two diseases without other supporting evidence 
serves merely to discourage other investigative approaches into their essential nature. 

Bellet. 


Martin. "W. B., and Spink, W. “W.; Endocarditis Due to Type B Hemophilus Influenzae 
Involving Only the Tricuspid Valve. Am. J. M. Sc. 214:139 (August), 1947. 

A case is reported of a 17-year-old girl, who had a debilitating febrile disease which pro- 
uced symptoms for five months before her death. A rough systolic murmur was heard in the 
ourth eft intercostal space, and, late in the course of the disease, a diastolic murmur was heard 
mt e^mer^ion. The spleen became palpable during the latter part of the illness. Nopetechiae 
nere o serve at any time. Repeated blood cultures were sterile, except on two occasions when 
staphylococcus was obtained. At post-mortem e,xamination the entire 
tcnH'n ° valve was found to be occupied by large, yellowy warty vegetations ex- 

tenriinpat ^ A valve margin. The vegetations extended dowm the chorda 

ere was one patch on the ventricular endocardium. The aortic and pulmonary 
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valves were normal. The mitral valve showed slight thickening but was not deformed and had 
no ^egetations. Microscopically, the mitral valve showed evidence of an old rheumatic infection 
which had not healed completely. A pure culture of Hemophilus influenzae. Type B, was isolated 
from the vegetations on the tricuspid valve. Inasmuch as this organism had not been found 
ante mortem, streptomycin therapy had not been tried. 

As far as the authors can determine, this represents the first reported case of subacute bac- 
terial endocarditis due to Hemophilus influenzae, Type B. It is also of special interest because of 

the isolated involvement of the tricuspid valve. „ 

Dtjrant. 

Stats, D., Ncubof, H.: Concentrated Aqueous Heparin. A Nc^v Form of Intramuscular 

Administration. Am. J.M. Sc. 214:159 (Aug.), 1947. 

This communication describes the clinical utilization of a new preparation of concentrated 
aqueous heparin which can be administered intramuscularly. This preparation contains 100 mg. of 
heparin per c. c., is free from foreign substances or vasoconstrictor agents, and is watery in appearance 
and viscosity." It has been injected by nurses into the gluteal muscles with the regular intramuscular 
syringes and needles at eight to twelve hour intervals. The dosage required is roughly correlated 
with the bodt' weight of the patient. .Adequate prolongation of the coagulation time is usually ob- 
tained in patients weighing between 100 and 130 pounds by administering 100 mg. every eight hours 
OT 120 mg. every. twch'e hours. In heavier individuals larger doses may be required. The maximum 
daily dose should not e.\cced 450 milligrams. The successful heparinization of patients weighing 
over 170 pounds may be obtained by giving 1 mg. per pound of body weight as the initial dose and 
between 0.5 and 0.7 mg. per pound at eight hour intervals sub.sequently. The medication was ad- 
ministered over a period of sev'eral months to most of the postoperative patients of a general surgical 
service. There was noexistingintravascular thrombosis in this group of ninety patients and none de- 
veloped V'enous thrombosis. It was found that bleeding at the operative site could be averted if 
the anticoagulant was withheld until forty-eight to sixty hours had elapsed after the operation. In 
a small group of cases with thrombophlebitis which the authors hav'e also treated, they observ^ed 
the same rapid subsidence of fev'cr, tenderness, and edema in the a,Tected extremity that others have 
described with different preparations of heparin and other anticoagulants. 

They conclude that this preparation provides a simple, safe, and essentially painless form in 
which heparin can be administered intramuscularly to achieve a desired anticoagulant effect. 

Dubant. 

Parin, V. V.; The Role of Pulmonarj- Vessels in the Reflex Control of the Blood 

Circulation. Am, J, M. Sc. 214:167 (Aug.), 1947. 

This Russian investigator has studied reflexes originating in the pulmonary circulation in a 
large series of experiments using cats as the experimental animal. The left pulmonarj'- artery was 
cannulated and the left pulmonarj' veins ligated so that, while the left lung had its innervation in- 
tact, it was completelj' isolated from the main blood circulation. Under these circumstances, an 
increase of pressure in the vessels of the excluded lung caused extensive changes of the whole circula- 
tory' system which had incontestably a reflex character. These changes consisted in a reaction 
which was depressor in type and had two components; a cardiac one with a considerable drop in the 
heart rate, and a vasomotor one with peripheral vasodilatation. Hence, the reaction was analogous 
to those observed in the known depressor and carotid reflexes, though not so strong as the latter. This 
reflex should have an appropriate place among those mechanisms which play an important role in 
the "automatic” regulation of the circulation. In such increases of pressure in the pulmonarj' vascu- 
lar stream as may arise in a number of physiologic and pathologic conditions (Valsah'a’s experiment, 
embolism of the pulmonary artery, and so forth), the reflex from the pulmonary arteries, by lowering 
of the heart action and by transfer of blood into the greater circulation via extensive vasodilatation 
and increase in the capacity of the depot, prevents the weak musculature of the right ventricle 
from being overburdened by work. At the same time, this reflex has probably some significance in 
the prevention of pulmonary edema which easily occurs in cases of prolonged increase of pressure in 
the pulmonary artery system. , Dubant.- 
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Meneely. G. R., and Segaloff, A.; Oliscrvations on the Velocity of the Blood in Normal 

Men in the Basal State. Am. J. M. Sc. 214:176 (Aug.), 1947. 

Duplicate determinations of the blood velocity of forty six normal men in the basal state were 
made with the calcium-magnesium salt mixtureof Spier, Wright, and Saylor (Macasol). Thearm-to- 
tongue time was 16.7 ± 4.8 seconds; the arm-to-perineum time, 26 ± 8.4 seconds; the arm-to- 
hand time, 28.1 ± 6.6 seconds; and the arm-to-foot time, 37.4 ± 9.S seconds. These times are 
significantly longer than those previously reported and indicate that measurement of the blood 
velocity is not as useful as many believe, because the relatively wide range of “normal” values 
overlaps the "abnormal” values in the very cases wherein the differential significance of the test 
would be most important. In addition to many previously reported factors affecting the determina- 
tion of blood velocity, anxiety as a factor could have been a definite variable in one of the experi- 
ments. There was no simple relation between the velocity of the blood and the height, weight, age, 
or pulse rate of the subjects, nor was any seasonal variation perceptible. No untoward reactions 
of any kind occurred and end points were secured in all but two subjects. One blank occurred, 
apparently because the subject “pooled" the injected material in the arm; the end point sensation 
was detected only when he moved his arm to arise after the test. 

.. Durant. 


Robb, J. S., and Turman, W. G.; Further Consideration of the QT Interval. Am. J. M. 
Sc. 214:180 (Aug.),"l947. 


A bundle of His is present in the human fetal heart and this tissue merges imperceptibly along 
a longitudinal axis into heart muscle cells, a given strand supplying a limited area. The possibility 
exists that this structure, similar in its distribution to the bundle of His and its ramifications in 
ungulates, is not the “conducting system.” If not, and if conduction from auricle to ventricle is by 
way of nerves, then since no parasympathetic nerves reach the ventricular muscle, the sympathetic 
nerves would need to be the “conducting tissue.” As yet no method has been devised for differential 
sympathetic staining, and the ultimate distribution of these nerves to ventricular muscle is not 
known. Hence, if the structure which is similar in distribution to the bundle of His in ungulates is 
not the conducting pathts'ay, we then know nothing of the conducting system to the ventricle. 
Because cutting and crushing experiments damage all tissues in this region, such procedures can 
never determine which tissue serves for conduction. 

In accordance with the distribution of this differentially stained tissue and in accordance with 
much data available in the literature regarding initial negativity of heart surfaces, it is suggested 
that quite limited areas of heart muscle, “islands,” depolarize as a result of stimuli arriving over 
these numerous anatomic pathrvays. From studies of the Q-T interrml in various species of animals, 
it is show n that the relationship of this interval to the cycle length is independent of the total mass 
of the heait The Q-T duration seems to be directly related to metabolism, presumably cardiac 


q-T 

cellular metabolism. In the intact dog, the ratio is decreased by vagal stimulation and 

cycle 

increased after atropinization and by accelerator stimulation. Measurements of Q-T made under 
such conditions that the number of variables active at one time is limited offer an indication of 
the state of the heart muscle (that is, the effect of increased acetjdcholine or epinephrine). Thus 
Q-T duration for a given cycle length can be varied at will. The reason for lack of “clinical useful- 
ness of measurements of Q-T may be that the specific effects of all possible variables are not 3'et 

0-T 

known. In laboratorj' animals seems more significant than mere Q-T duration. 


Durant. 


Lo,,;m, hi., Ferris, E. B., Engel, G. L., and Evans, J. P. ; Arterialization of Internal Jugular 
Blood during Hyperventilation as in Aid in tbe Diagnosis of Intracranial Vascular 
tumors. Ann. Int. Med. 27:220 (Aug.), 1947. 

In the course of study of sixty-nine samples of internal jugular blood taken before and during 
yperr en i a ion in persons without vascular tumors, is w'as found that the usual reaction was for 
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the oxygen content to fall during hyperventilation. In a small percentage of the cases the oxygen 
content remained unchanged or rose slightly. In a patient with a demonstrated intracerebral 
\>ascular tumor in the left frontoparietal region, hyperventilation increased the o.xygen saturation 
of the internal jugular blood to almost arterial levels (95 per cent). This relatively simple procedure 
is, therefore, suggested by the authors as an ^id in the diagnosis of vascular intracranial tumors. 
It is postulated that the findings reflect a shunting of blood through the vascular anomaly during 
cerebral vasoconstriction associated with hyper\^entilation and in this way leads to increased ar- 
terialization of the internal jugular blood. 

WE^'DKOS. 

Kimball, J. L., and Burch, G.: The Prognosis of the Wolff-Parkinson- White Syndrome. 

Ann. Int. Med. 27:239 (Aug,), 1947. 

A 38-year-old woman and a male infant one month old died suddenlj' during attacks of 
paroxysmal tachycardia. Electrocardiographic records prior to death indicated the presence of the 
Wolff-Parkinson-White anomaly in each instance. In the adult, no clinical evidence of associated 
organic heart disease could be discovered. In the case of the infant, the autopsy did not disclose 
any evidence of congenital or acquired cardiac defects. On the basis of this experience, the authors 
suggest that the syndrome of anomalous atrioventricular excitation should not always be con- 
sidered entirely benign. 

Wexdkos. 

Katz, L. N.. Winton, S. S., and Mcgibow, R. S.: Psychosomatic Aspects of Cardiac Ar- 
rhythmias: A Physiological Dynamic Approach. Ann. Int. Med. 27:261 (Aug.), 1947. 

The purpose of this paper is to blend together various developments from the fields of psychia- 
try, physiology, and classical cardiology, with the view of breaking down the provincial barriers of 
each field in its individualistic approach to the psychosomatic problem of cardiac any'thmias. It 
is considered that the summation of the psychic stimuli, regardless of its pattern, must exert its 
affect through either one or the other division of the autonomic ner\'ous system, as well as the 
endocrine glands. 

The authors accept the view that, since the human heart is under the constant influence of 
the central nervous system with centers located in the medulla oblongata in the floor of the fourth 
ventricle, it would be expected that the cardioregulatory centers are influenced by impulses arising 
from the hypothalamus and cortex. The authors briefly review the experimental studies indicating 
that cortical stimulation influences the cardioregulatory centers. For instance, stimulation of the 
anterior hypothalamus produces slowing of the heart rate and prolongs A-V conduction, while 
stimulation of the posterior hypothalamus causes tachycardia and frequent premature systoles. 
For this reason, psychic impulses may be e.xpected to upset the tonic balance in the cardioregula- 
tory centers and cause (1) depression or stimulation of the primary pace maker of the heart, pro- 
ducing sinus tachycardia, sinus bradycardia, and sinus standstill; (2) increased irritability of 
subsidiary pace makers, giving rise to paroxysmal tachycardia of supraventricular or ventricular 
origin, or to paroxysmal auricular fibrillation and flutter, and even possibly to ventricular fibril- 
lation with sudden death; and (3) heart block, for example, sinoauricular or A-V block and, more 
rarel 3 ', intraventricular block. 

The proper management of the psychoneurotic individual suffering from cardiac irregularity 
is also stressed. Simple principles involving the psychotherapeutic approach are briefly outlined. 
The point is also made that even though the arrythmia has been diagnosed as psychosomatic, all 
aids of examination should be utilized in order to rule out every possibility of an organic basis for 
the irregularity. 

Wendkos. 

McElroy, J. W., Davis, J. P., and MicRelson, R. P.: Complete Transposition of the 

Arterial Trunks wdth Closed Interventricular Septum. Ann. Int. Med. 27:308 (Aug.), 
1947. 

The authors add one more case to the fifty authenticated cases of transposed arterial trunks 
with closed interventricular septum reported up to 1929. The patient was an infant who lived for 
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five weeks, although cyanosis had been present since birth. Death was preceded by the rapid de- 
velopment of respiratory distress and congestive heart failure. Associated anomalies included a 
patent ductus arteriosus and a patent foramen ovale. 

A twin brother in whom a loud basal systolic murmur had been heard at the age of 4 weeks, 
died at the age of 2 months following a sudden attack of dyspnea and cyanosis. Although some 
form of congenital heart disease was suspected in this twin infant, autopsy was refused and, there- 
fore, the exact diagnosis was never established. 

Wendkos. 

Blakemore, A. H. ; The Clinical Behavior of Arteriosclerotic Aneurysm of the Abdominal 

Aorta: A Rational Surgical Therapy. Ann. Surg. 126:195 (Aug.), 1947. 

Blakemore outlines the characteristic features of abdominal aneurj'sms and differentiates 
between the arteriosolerotic and syphilitic varieties. The former was encountered twenty-six times, 
while the latter \vas observed six time at the Presbyterian Hospital, New York City, in recent years. 
Arteriosclerotic abdominal aneurysms are fusiform, rarely erode vertebrae (one out of twentj'-six 
cases), originate 3.0 to 4.0 cm. above the orifice of the renal arteries, seldom cause significant sj'mp- 
toms until they leak retroperitoneally, and usually end fatally two to six days after the original 
rupture. Syphilitic aneurysms of the abdominal aorta, on the other hand, are saccular, usually 
have their point of origin above the renal arteries, erode vertebral bodies, and therefore, are 
associated with marked radicular pain. 

The author then discusses the hemodynamics of fusiform and wide- and narrow-mouthed 
saccular aneurj’sms, pointing out that nature’s cure consists in brimful clotting which occurs 
spontaneously only occasionally in narrow-mouthed saccular aneurysms. The rate of blood flow in 
the aneurysm is 'the second important factor in considering a therapeutic approach. 

By means of his electrothermic method of coagulating aneurysms, Blakemore can determine 
the rate of blood flow and hence the type of aneursym, and further how much wire is necessary to 
introduce and heat in order to obtain brimful clotting. In fusiform abdominal aneurysms it is 
necessary to completely occlude the aorta and the aneurysm in stages from within, thereby permit- 
ting the development of an adequate collateral circulation to the legs. 

The author has dealt successfully with three out of twenty-six cases of fusiform arterio- 
sclerotic aneurysms and two out of six cases of syphilitic fusiform aneurysm of the abdominal aorta. 

Lord. 

Sanders, J. H., and Isoe, I. M., Intravenous Oxygen and Pulmonary Embolism. Ann. 

Surg. 126:208 (Aug.), 1947.^ 

The authors studied the arterial oxygen saturations in a group of patients who* were subjected 
to an intravenous injection of oxygen. In the first patient 9.3 cc. of oxygen per minute were ad- 
ministered for twenty minutes and the arterial oxygen saturation fell from 94 j>er cent to 55.5 
per cent. Associated with this fall, the patient experienced a sensation of pressure in the lower 
chest, cough, restlessness, and profuse perspiration. These symptoms cleared in a few minutes 
after cessation of the oxygen injection. 

Three other experiments in patients not in shock and two in patients in shock further demon- 
strated that intravenous oxygen is not of value in elevating the arterial oxygen saturation and, 
on the contrary, actually lowers it. The explanation of this phenomenon is that the oxygen gas 
bubbles occlude the small arteries and arterioles and are not absorbed by the blood stream. One 
in vi^o experiment demonstrated that a small amount of oxygen bubbled through venous blood 
does not increase the oxygen saturation. 

The authors conclude that intravenous oxygen is of doubtful therapeutic value in the treat- 
ment of shock and may actually be harmful. 

Lord. 

Gross, P., and Benz, E. J.: Pulmonary Embolism by Amniotic Fluid. Surg., Gynec. & 

Obst. 83:315 (Sept.), 1947. , 

In addition to the well-known causes of embolism to the lungs, such as thrombi from venous 

ces in t e egs an fat emboli from fracture sites, Gross and Benz report three cases of pulmon- . 
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ary embolism by amniotic fluid. The three cases experienced their emboli near the end of labor or 
in the immediate puerperium. The event in each case was characterized by shock which rapidly 
piogressed to a fatal termination within one hour of onset. Antishcck therapy was without a\^il. 

There are no significant gross pathologic findings. However, the characteristic lesion is seen 
in the lungs on microscopic examination where there is found in the smaller arteries, arterioles, 
and alveolar capillaries a bloodless mixture “consisting of abundant polymorphonuclear leucocv’tes, 
mucin, bile-stained debris, (meconium), epithelial cells, lanugo hair, and granular debris with or 
without fatty elements.” 

, The authors point out that examinations and analysis of the centrifuged blood from the right 
side of the heart reveals three strata in the sediment. “The presence of three instead of two strata 
should be considered pathognomonic of this condition. The particulate constituents of amniotic 
fluid including mucus, being of lower specific gravity, settle out as a flocculent layer above the 
leucocytic cream.” 

The authors believe that pulmonary embolism by amniotic fluid is a common cause of shock 
and rapid fatality occurring during labor or in the immediate puerperium. 

Lord. 

Jones, A. M., and Langley, F. A.; Chronie Dissecting Aneurj-sm. Brit. Heart J. 8:191 

(Oct.), 1946. 

The authors report two cases of dissecting aneurysm in which the diagnosis was made during 
life; one patient survived for three years and the other is alive and comparatively well eight years 
after radiographic recognition of the aortic lesion. 

The first patient had enjoyed good health until the age of 52 years, when she developed a 
severe stabbing pain in the left anterior chest which radiated to the left scapular region and the 
dorsolumbar area. After a time the pain abated, and she had no further severe difficulty until 
the age of 55 years when severe pain in the back of the chest and in the lumbar area forced her to 
seek hospital care. When admitted to the hospital her blood pressure was 210/135 in the right 
arm and 195/130 in the left. Fluoroscopy showed gross dilatation of the aorta. The Wassermann 
reaction was negative. The history and findings led to a diagnosis of chronic dissecting aneurysm. 
She remained in bed for four months but was never free from pain. Eight weeks after a second 
admission she collapsed and remained semiconscious until she died four days later. 

Necropsy revealed the aorta to be greatlj'’ dilated from just below the origin of the left sub- 
clavian artery to the level of the diaphragm. At about the middle of the lateral surface of the 
dilated portion there was a transverse tear 2 cm. long where the aneurysm had ruptured into 
the left pleural space. On opening the aneurysm two channels were seen. Where the two channels 
arose from the arch of the aorta the free edge of the septum separating them was rounded and 
smooth and continuous, with a ridge around the mouth of the larger channel; the free margin had 
clearly been separated from this ridge when the dissection started and since both ridge and free 
edge were smooth and healed, this separation obviously was not recent. An unusual feature was 
the presence of atheromatous plaques on the wall of the aneurysm. 

The second patient, a 36-year-old woman, had been well until the age of 30 years, when she 
began to suffer from severe pain in the back which after treatment with radiant heat and massage 
had disappeared after several months. A return of these symptoms led to hospital admission. The 
pulse rate was 120, and the blood pressure, 200/140. The heart sounds were loud but no murmurs 
were present. Fluoroscopy showed some enlargement of the left ventricle, and considerable diffuse 
enlargement of the thoracic aorta with calcified plaques in its wall. Kymography revealed quite 
good pulsations of the descending aorta. An electrocardiogram showed striking left axis deviation 
associated with diphasic T waves in Leads I and II and depression of the corresponding RS-T 
segments. She was thought to have a chronic dissecting aneurysm. 

While in the hospital she suffered from severe aching pain in the left scapular region, headache, 
and palpitation. On sev’^eral occasions she became confused and disoriented. Two years after 
hospitalization her right arm and leg became paralyzed while she was walking. Some months later 
she was readmitted to the hospital because of the severity of her epigastric and chest pain. Her 
blood pressure was then 165/110, and the dorsalis pedis pressure, 205/110. While in the hospital 
she had two sudden severe attacks of “grinding” pain in the left chest which could be relieved only 
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by morphia. After her return home the pain continued and became so severe that she returned to 
the hospital and underwent paravertebral alcohol injection. After this procedure her pain di- 
minished and a year later she was almost entirely free from pain. Two years later fluoroscopy 
gQj^0 increase in the size of the heart and aorta and calciflcation of the aortic ^\all, The 
right radial pulse was poorer than the left; the blood pressure in the right brachial artery was 
200/125; in the left, 215/125; and in the left dorsalis pedis artery, 240/125. At her last examina- 
tion thirteen years after the onset of symptoms her condition was unchanged. 

. Bellet. 

Nylin, G. : The Effect of Adrenalin Injected Intravenously on the Volume of Circu- 
lating Erythrocytes. Acta, cardiol. 1:225 (No. 3 & 4), 1946. 

. Adrenalin was injected intravenously in eight subjects for the purpose of determining whether 
any so-called depots empty their blood into the circulatory system. The method used involved 
the injection of red blood corpuscles labeled with radioactive phosphorus. Small doses of adrenalin 
caused an increase of systolic blood pressure from 30 to 105 mm. of mercury. The adrenalin action 
was not followed, however, by any dilution of the circulatory corpuscle volume or by any apparent 
emptying of blood depots. 

Laplace. 

i 

Charlier, R.: The Circulatory Physio-pathology of Traumatic Arterio-venous Fistulas 

in Man. Acta, cardiol. 1:232 (No. 3 & 4), 1946. 

A study was made of five subjects who had traumatic arteriovenous fistulas. The presence 
of a traumatic arteriovenous fistula in man induces important changes in the circulatorj' djmamics. 
Provided there is no heart failure, these changes include a large increase in the cardiac output 
per beat and in the minute volume, a rise of right auricular pressure, a fall of arterial pressure, 
and a slight tachycardia. The tachycardia is induced not only by the arterial hypotension but 
also by the rise of venous pressure (Bainbridge reflex). From acute experiments performed on 
dogs anesthetized with chloralose, it appeared t,hat (1) the afferent path of the Bainbridge reflex 
does not lie exclusively in the vagus ner\'e, and (2) the tachycardia is induced partly by chemical 
changes in the blood in the right auricle.acting directly or by reflex effect. Mechanical occlusion 
of an arteriovenous fistula produces a rise of arterial pressure, a fall of venous pressure, a decrease 
in cardiac output, and a pronounced bradycardia. The bradycardia is not exclusively of vagal 
origin because slowing of the heart rate still occurs after atropinization. It is due tp both a rise 
of arterial blood pressure and a fall of the central venous pressure (Bainbridge reflex). 

Laplace. 

Biorch, G., and. Pannier, R.: One Hundred Positive Hvpoxemia Tests. Acta cardiol. 

1:283 (No. 3 & 4), 1946. ' 

The authors studied 100 positive hypoxemia tests which occurred in a series of 666 cases. 
The technique employed at first involved the inhalation of a mixture of 10 per cent oxj’gen for 
twenty minutes. Later, the shorter and more convenient procedure of administering 9 per cent 
oxygen for ten minutes was used. 

It wa^found that a positive test occurred more often among women than among men. Among 
patients in whom the test was positive but who showed no clinical evidence of coronarj’ disease, 
there was a large proportion of cases of hypertension. Most of the latter showed no enlargement 
of the heart. Among women in whom the test was positive, the nerimus and hormonal systems 
appeared to play an important role. 

The authors conclude that a positive hypo.xemia test in a patient suspected of having angina 
pectoris is certain evidence of coronary disease. A positive test can appear in cases of organic 
coronarj' disease in the absence of anginal pain. It is apparent that a positive test can occur in 
patients \\ ith functional coronary insufficiency in whom there is no organic coronary disease, 
uc paticntsma> be said to have a disorder of the vegetative nervous system and require special 
rea ment. he so-called coronary neurosis of purelv psychic origin is quite frequent, but .in 
these cases the test is negative. & u 


Laplace. 



SELECTED ABSTRACTS 


155 


Piron, A.: The Cardiopatliy of Friedreich’s Disease. Acta, cardiol. 1:305 (No. 3 & 4) 

1946. 

A detailed study of the cardiovascular system was made in two brothers with Friedreich 
disease. Both patients appeared to have an anginal syndrome and showed electrocardiographic 
changes consistent with a diagnosis of coronary insufficiency. The author points out that cardiac 
disorders occurring in the course of Friedreich’s disease may reasonably be attributed to the effect 
of the medullary lesions on the coronary circulation. He concludes that the hypothesis of the 
medullary origin of angina pectoris is supported by the clinical evidence found in cases of this 
type. 

Laplace. 

Frimami-Dahl, J.; On Venography of the Lower Extremities. Acta radiol. 28:199, 1947. 

The author discusses the pertinent information derived from venography in the diagnosis of 
acute and chronic deep thrombophlebitis of the lower extremities, and advises a number of modifi- 
cations in the technique in order to avoid cfertain pitfalls in the interpretation of the films. He 
calls attention to the finding that if the patient lies in the supine position, with the leg supported 
on the calf and heel, there will be a defective filling of the deep veins in the muscular pad of the 
calf with the result that the film may resemble the picture seen in thrombosis of the deep veins in 
this area. He therefore advocates that all pressure be removed from the calf while the contrast 
medium is being injected, and also that lateral films should be taken to decide whether an in- 
volved vein is superficial or deep. 

On the basis of the findings with venography, the author concludes that pressure against 
the calf veins during rest in bed partly or completely interferes with the return of blood through 
this system of vessels, and that this mechanism may play an important role in the development 
of venous thrombosis. Since crossing the legs in bed likewise interferes with filling of the calf 
veins with the contrast medium, it is possible that this position may also contribute to venous 
thrombosis. 

Abramson. 

Long, W. K., and Farah, A.: The Influence of Certain Sulfhydryl Compounds on the 

Toxicity of an Organic Mercurial Diuretic. J. Pharmacol. & Exper. Therap. 88:388 

(Dec.), 1946. 

Forty deaths following the use of mercurial diuretics have been reported. Experimental 
study has suggested that the cause of death is due to a toxic action of mercury on the heart, with 
resultant ventricular fibrillation, or to respiratorj’’ failure secondary to a fall in blood pressure. 
This study evaluates the effect of substances containing the sulfhydryl group on the cardiac 
toxicity of salyrgan. 2,3 dimercaptopropanol (BAL), cysteine hydrochloride, glutathione, 
methionine, and cystine were tested. 

Three types of experimental conditions were evaluated. Salyrgan was used as the mercurial 
in each. (1) Mice were given varying amounts of salyrgan and the 50 percent lethal dose (L.D.50) 
determined. The sulfhydryl compounds were then injectfed into mice and followed in one minute 
by the calculated L.D.SO, The protective action of the sulfhydryl compounds was measured by 
the increasing amount of salyrgan necessary to produce a 50 per pent mortality. (2) Action of 
saljTgan, protected and unprotected, on the circulation of dogs was determined by simultaneous 
measurement of blood pressure, venous pressure, heart rate, and electrocardiogram. (3) Action 
on the heart-lung preparation of Starling was determined by simultaneous measurement of arterial 
pressure, pulmonary artery pressure, and left and right auricular pressures. 

Methionine and cystine were ineffectual in protecting mice against the control L.D.50 of 
salyrgan. No improvement in circulatory function was noted. BAL, cysteine hydrochloride, 
and glutathione increased the L.D.SO of salyrgan in mice. Their administration promptly reversed 
salyrgan-induced heart failure in dogs. The most severe toxic manifestations short of ventricular 
fibrillation could be reversed. Once ventricular fibrillation had begun, these substances were in- 
effectual. In the heart-lung preparation, the protective action of BAL, cysteine hydrochloride. 
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and glutathione was about equal w'hen calculated in terms of sulfhydryl equivalents.. In the 
intact dog, BAL was five to eight times as effective as cysteine hydrochloride and glutathione. 
None had any effect on spontaneous or sodium pentobarbital-induced cardiac failure in the 
heart-lung preparation. 

Godfrey. 

Andre, M. J. : A New’ Case of a Fatal Attack of Astlima. The Circulatory Manifestations 
of Asthma. Acta din. belg. 2:1 (Jan.-Feb.), 1947. 

The author reports the case of a 16-year-old girl who died suddenly in the third attack of 
asthma which had occurred in the space of tw'elve days. The patient was studied carefully with 
special reference to the associated disturbance of cardiovascular function. 

It is pointed out that the predominant lesion in fatal asthma is acute pulmonary emphysema 
due to bronchial and bronchiolar block by abnormal glandular secretion. Although death is at- 
tributed to anoxia, it is impossible to evaluate the element of circulatory impairment, manifesta- 
tions of which include cutaneous vasoconstriction, tachycardia, weak pulse, and hypotension. 
The most characteristic sign is Kussmaul’s pulse; weakening or disappearance of the pulse during 
inspiration. The mechanism of this parodoxical pulse is discussed in detail. 

Lafeace. 

Baber, M. D., and Daley, D.; Coarctation of Aorta in Association With Pregnancy. 
J. Obst. & Gynaec. Brit. Emp. 46:91 (Feb.), 1947. 

The literature on the titled subject is reviewed and the description of another case is added. 
To date, forty-three cases have been reported in which the majority successfully carried through 
pregnancy. From these reports, it is clear that pregnancy is not contraindicated in the majority 
of these patients. The authors recommend adequate spacing of pregnancy and the avoidance 
of late childbearing as a wdse precaution. In spite of reassuring results indicating safety of 
N'aginal delivery’', the authors have felt inclined "to play safe,” and favored delivery by cesarran 
section of their 26-year-old primipara. 

Wagner. 

Dripps, R. D., and Comroe, J. H., Jr.: The Respiratory and Circulatory Response of 
Normal Man to Inhalation of 7.6 and 10.4 Per Cent COa With a Comparison of the 
Maximal Ventilation Produced by Severe Muscular Exercise, Inhalation of CO* and 
Maximal Voluntary Hyperventilation. Am. J. Physiol. 149:43 (April), 1947. 

In these experiments, the effects produced by breathing high concentrations (7.5 to 10 per 
cent) of carbon dioxide have been measured in a large number of normal subjects. In addition 
the maximal respiratory minute volume produced by inhalation of 7.6 and 10.4 per cent carbon 
dioxide was compared with that resulting from exhausting muscular exercise and maximal volun- 
tary hyperventilation. 

When 7.6 per cent carbon dioxide in oxygen w’as inhaled, the average minute volume of 
respiration increased to 51.5 liters per minute, pulse rate increased 16.7 beats per minute, and the 
blood pressure rose 30.8 mm.Hg systolic and 22.2 mm.Hg diastolic. With 10.4 per cent carbon 
dioxide in oxygen, the respiratory minute volume w’as 76.3 liters, pulse rate increased 15.6 per 
minute, and the blood pressure rose 33.4 mm.Hg systolic and 25.0 mm.Hg diastolic. When 
carbon dioxide inhalation was stopped, diastolic pressure fell abruptly to normal; the respiration 
and systolic pressure returned slowly to normal. 

The symptoms noted with carbon dioxide inhalations were, in the order of frequency, head- 
ache, dizziness, and dyspnea. Most of the dizziness was noted in the immediate postinhalation 
period, the same time as the abrupt fall in diastolic pressure occurred. The observed effect of 
carbon dioxide, is the sum of a direct carbon dioxide stimulation of medul lari’ ^centers and a nar- 
cotic action which depressed the respiratory center. They conclude that carbon dio.xide inhalation 
of indi'vuduals with depressed centers (due to anesthesia, morphine, and so 
, may produce further narcosis with or without hyperpnea or hypertension. They recom- 
mend a mechanical increase of ventilation if such is desired. 
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The narcotic effect probably explains the finding that inhalation of high carbon dioxide 
produces only 43 per cent of maximal ventilation possible by voluntary hyperventilation. Sub- 
jects performing muscular exercise do not breathe more than 66 per cent of the maximal capacity, 
even at a time when their muscles have incurred an oxygen debt. This failure may be due to 
fatigue of the respiratory muscles or inhibitory factors which are not important in the short 
(thirty second) maximal breathing capacity test. The abruptness of fall in diastolic pressure sug- 
gests a sudden withdrawal of a vasoconstrictor reflex rather than a gradual decrease in stimulant 
amounts of carbon dioxide acting upon the \'asoconstrictor center. 

Bernstein. 


Quintanilla, R.^ Krusen, F. H., and Essex, H. E.t Studies on Frost-bite With Speeial 

Reference to Treatment and the Effeet on Minute Blood Vessels. Am. J. Physiol. 

149:149 (April), 1947. 

The anterior e.xtremities of rabbits were immersed in absolute alcohol to which pieces of 
carbon dioxide ice were added until the desired temperature was obtained. The extremity was 
frozen at, various temperatures for different lengths of time. Total destruction was obtained in 
three minutes at —40° C., and in 20 minutes at —20° Centigrade. 

The methods of treatment used by the Medical Corps of the Army were found by the authors 
to give discouraging results. It ^vas impossible to determine by inspection which extremities 
were frozen beyond hope of recovery and those which were less seriously frozen. This was con- 
sidered important, because measures which gave good results in mild cases often gave poor re- 
sults in severe cases. All the recommended methods were useless when applied to severely frozen 
feet. Untreated control animals obtained the same degree of recoverj'^ as did the treated animals. 
All the methods used were actually no better than, no treatment at all. The idea that frostbite 
resulted in coagulation of the blood in the smaller vessels with eventual anoxia and destruction 
of the tissue was not confirmed by direct observation of the rabbit ear vessels exposed to the 
carbon dioxide ice. The vessels were dilated and filled with cells. Their permeability was in- 
creased, with the result that plasma escaped and the formed elements were left concentrated in the 
vessels. An identical picture was seen in vessels of animals whose blood was made noncoagul- 
able by injection of heparin. Prolonged administration of heparin to rabbits whose extremities 
were frozen did not save the feet or alter the expected course. 

Bernstein. 


Byer, E. Toth, L. A., and Ashman, R. : Electrocardiographic Changes Induced by Cool- 
ing or Warming the Inner Surface of the Dog’s Ventricle. Am. J. Physiol. 149:264 

(April), 1947. 

The temperature of the endocardial surface of the dog’s ventricle was changed by the intro- 
duction into the ventricle, by arterial catheterization, of Ringer’s solution at various tempera- 
tures. Cooling the inside of the left apex changed the form of and widened the QRS complex and 
also caused conspicuous increase in the height and width of the T wave. Warming had opposite 
but less striking effects on the T wave and changed the form of the QRS complex. Ringer’s 
solution at body temperature caused no changes. Cooling the inner surface of the right ventricle 
caused similar T-wave changes, but reverse effects on the form of the QRS complex. Cooling the 
basal left endocardial surface caused inversion and widening of the T waves. It is reasonable, 
the authors presume, to suppose that the electrical effects were, in fact, brought about by a change 
in rate of repolarization of the endocardial surface as changed by the variable temperature of 
the endocardial ventricular surface. If justified, it follows that changes in the electrical state of 
the subendocardial muscle surface play a part in the genesis of the electrocardiogram. They do 
not claim to directly explain the genesis of the usual upright T wave of the human electrocardio- 
gram, but believe that this experiment is consistent with the view that the upright T wave may 
be produced mainly by an endocardial-epicardial difference in rate of repolarization. 


Bernstein. 
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DeTakats, G., and Reynolds, J. T.s The Surgical Treatment of Aneurysms of the Ab- 
dominal Aorta. Surgery, 21:443 (April), 1947. 

The authors review the literature and discuss briefly the six cases of abdominal aneurysm 
treated successfully by ligation. Successful treatment is defined as survival for more than one 
year following operation. Three of the six cases had expired two, three and one-half, and one and 
one-half years after operation. Three others were living at fourteen months, eleven months, 
and two years after ligation. 

DeTakats and Reynolds present six additional cases of arteriosclerotic and syphilitic aneu- 
rysms of the abdominal aorta in which an operation was performed. In two of the cases ex- 
ploration only was carried out because the aneurj'sms were found to be inoperable. In three 
cases a one-inch wide, eight-ply layer of cellophane was wrapped around the aorta proximal 
to the aneurj'sm and sutured snugly with cotton. The patients lived fourteen months, two 
years, and eight months after operation. In one case the aneurysm was operated upon and 
wired on two occasions at a six month interval, but the patient died following a high cordotomy 
sixteen months later. 

The authors point out that the type of cellophane employed for the wrapping of the aorta is 
important, as certain varieties produce more fibrosis than others. They advocate the implantation 
of strips of cellophane into subcutaneous pockets to study the reaction of the connective tissue 
of the patient whose aneurj’sm is to be treated. ' 

Lord. 

Dripps, R. D., and Comroc, J. H., Jr.: The Effect of the Inhalation of High and Low 
Oxygen Concentrations on Respiration, Pulse Rate, BaUistocardiogram and Arterial 
Oxygen Saturation (Oximeter) of Normal Individuals. Am. J. Physiol. 149:277 
(May), 1947. 

Reliable respiratorj' data are difficult to obtain in normal men because breathing can be 
regulated voluntarily and is often disturbed by many factors in the environment. In these 
experiments, subjects were chosen who were familiar with laboratory surroundings and with the 
experimenters; every effort was made to achieve optimal conditions for obtaining unquestionably 
reliable data. 

An immediate decrease in pulse rate and minute respiratory volume occurred in twenty- 
eight of thirty-three subjects when inhalation of 100 per cent oxygen followed the inhalation of 
room air, suggesting that some chemoreceptors of the carotid and aortic bodies are tonically 
active at the oxygen tension present in arterial blood (90 to 100 mm. Hg). The small degree of 
this change indicated that they are only minimally active, since an increase in oxygen tension of 
approximately 570 mm. Hg was followed bj'- only a 3.1 per cent average decrease in respirator}' 
minute volume. 

An increased minute volume of respiration was noted in only a few individuals breathing 18 
per cent oxygen, the majority showing no significant change until 16 per cent oxygen was inhaled.. 
Individual x'ariability was extreme, and only slight stimulation was noted until 10 or 8 per cent 
ox}’gen was inhaled. 

Significant increase in pulse rate occurred when the concentration of oxygen in the inspired 
air was reduced from 20.9 to 18 per cent. Further evidence of the respiratory stimulant action of 
100 per cent oxygen and a bradycardia with reduction in cardiac output per minute were obtained. 

Bernstein. 

White, H. L., Heinbecker, P., and Rolf, D. : Some Endocrine Influences on Renal Func- 
tion and Cardiac Output. Am. J. Physiol. 149:404 (May), 1947. 

The effect of simple hypophysectomy on cardiac output was determined in a series of five 
dogs. Cardiac output measurements were made by the Fick method on dogs under sodium pen- 
tobarbital. Within a few days after hypophysectomy, the cardiac output fell to 50 to 80 per cent 
of normal, with usually a further fall in about three weeks. There was then no further fall, at 
least up to four months. The findings indicate that the renal blood flow falls to about the same 

egree as the cardiac output, and that the fall in oxygen consumption approximately equalled 
the fall m cardiac output. fk 


Bernstein. 
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THE IMPORTANCE OF LOCAL HEART ASSOCIATIONS IN THE 1948 CAMPAIGN 

Professional cooperation with the American Heart Association’s plans for National Heart 
Week (February 8-14), outlined in the December issue of the Journal, can be exerted most effec- 
tivel}' in the organization of local heart associations. Local affiliates of the American Heart Asso- 
ciation have been accurately described as “the task forces in the struggle against heart disease.” 
Educational and fund-raising efforts can be most effective in those areas where strong local heart 
associations are functioning. 

Through the local heart association, the individual physician can make a major contribution 
in assuring support for education, research, and community service, and in making it possible to 
bring the benefits of scientific research in diseases of the heart and circulation to every citizen. 

Despite the tremendous task which still needs to be done at the local level, many states and 
large communities arc without local heart associations. It is hoped that the professional man con- 
cerned Avith cardiovascular ailments will take the leadership in filling this serious deficiency 
wherever it exists. 

Local phj'sicians have formed the nucleus for the creation of American Heart .Association 
affiliates in many communities. The medical and techniail guidance they offer is vital in the 
conduct of field activities and implementation of the national program of the American Heart 
Association. 

In all sections of the United States, physicians have shown an enthusiastic readiness to 
support the program of the American Heart .Association through the very practical method of 
helping to form local affiliates. In response to many requests for assistance and advice in' or- 
ganizing local associations, the .American Heart Association recently published “A Guide to the 
Formation of Local Affiliates of the American Heart Association." This booklet does not at- 
tempt to go into all the detailed phases of local organization and scientific program, but provides 
a starting point and basic outline for procedure. The guide is available on request. 

.Among its recommendations, the Guide points out that although medical membership on 
the local heart association is essential for the e.xchange of information among physicians and in 
special scientific activities, the inclusion of a lay group is most desirable for the satisfactory 
conduct of a real community program which reaches the public. In this, the local structure con- 
forms to the recent reorganization of the American Heart Association which admitted lay mem- 
bers to its governing bodies for the first time. 

Lay members of local heart associations should be drawn from among prominent persons 
associated with business and industry, labor, civic groups, press and radio, advertising and pub- 
licity, education and the church. The chief Ai-alue of the lay members lies in their ability to assist 
in fund-raising activities, establish contacts and cooperation Avith other community agencies, 
and the development of public interest in the local program. 

Throughout the planning period, and regularlj'- thereafter, officials of the local association 
should consult Avith the American Heart Association Avhose function it is to guide and integrate 
the activities of all local associations and serve as a clearing house for their activities. 

The tAventy-tAvo local heart associations noAV affiliated with the American Heart Association 
carry on various types of programs coA^ering a Avide range of activities, but, in general, all hax^e 
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as their common objectives the development of research; the furthering of community programs 
for the diagnosis, treatment, and prevention of heart djsease; and the education of physicians, 
other professional groups, local agencies, and the lay public. 

In organizing a new local association, the problem will arise as to how e.xtensive the initial 
program should be. The Guide suggests that the first steps in the program may be cijrected at 
achieving professional education of ph 3 'sicians, nurses, medical social workers, and teachers, so 
that they will accept the responsibilities involved in developing a community program; lay edu- 
cation for the guidance of those needing services and the dissemination of information that rvill 
urge patients to seek early medical advice; and public relations and fund-raising campaigns 
designed to publicize and support the program of the local association as well as to provide funds 
to be distributed on a national basis for research in cardiovascular disease. 

The development of a more integrated permanent program will depend upon available funds 
and facilities. 

Additional local heart associations must take their place in the field as rapidlj' as possible 
to help implement the 1948 campaign of the American Heart Association in research, education, 
and community service, for which a budget of $828,850 has been set. Five hundred thousand 
dollars of this amount will be earmarked for a research program to include the following elements; 

Grants-in-aid to individuals and institutions for basic studies of diseases of the heart and 
circulation; epidemiological studies of various types of heart disease and rheumatic fever; studies 
of the relation of social and economic conditions to cardiovascular disease; reevaluation of cardio- 
vascular disabilitj' in life, health, and accident insurance; and studies of employment problems 
of cardiovascular victims. 

A 8125,000 educational budget will include postgraduate education of the medical profession 
through the Scientific Meeting of the American Heart Association; publication of the American 
Heart Journal and other scientific literature; and preparation of slides, pictures, and exhibits. 
This section of the budget also provides for health education of other professional groups, including 
social workers, teachers, school administrators, phj'sicial education instructors, school phj'sicians, 
public health nurses, and public health workers. Health education of the public and publicity for 
national aspects of cardiovascular diseases round out the educational phases of the budget. 

Under the heading of communitj' service, a sum of 8203,850 has been designated for assist- 
ance to communities in developing local heart associations and community programs; establish- 
ment of standards for the care of patients with cardiovascular disease; stimulation of and aid in 
establishing rheumatic fever registries; coordination of case findings with the National Tuber- 
culosis Association and other public health agencies; coordination with public health and other 
agencies in sj'philis control; liaison with federal, state and local agencies; coordination of stand-' 
ards and education of emploj-ers and trade unions on vocational training, guidance, and place- 
ment of persons with cardiovascular diseases; and service as a national information center'and 
clearing house of cardiovascular activities. 

Fund-raising plans to support this far-reaching program for 1948 will include continued 
efforts to secure special gifts and grants for research projects. Physicians can assist in this phase 
of the campaign by communicating with influential persons in their area, especially those who 
maj’ be suffering from heart disease, to obtain their financial support. 

Phj’sicians are urged to interest la^^men in their communities in helping to organize a local 
National Heart Week campaign. To assist in such efforts, the American Heart Association has 
prepared a campaign plan book entitled, “Here’s How to Fight Heart Disease.” The booklet 
outlines simple steps to be taken in establishing a local Heart Week committee and lists various 
edurational and fund-raising aids (such as the plastic heart collection box) which are available. 
Copies of the booklet may be obtained b\'’ writing to the American Heart Association. ' 
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THE IMMEDIATE ELECTROCARDIOGRAPHIC EFFECTS 
OF CIRCUMSCRIBED MYOCARDIAL INJURIES: 

AN EXPERIMENTAL STUDY 

Raymond D. Pruitt, M.D.,* Rochester, Minn., and 
Fernando Valencia, M.D.,f Ann Arbor, Mich. 

T he electric phenomena associated with the heartbeat have been analyzed 
with skill and thoroughness by a number of investigators versed in the 
physical laws which govern them.*‘“’^®'*®’'°’^* These investigators have done their 
work so well that the primary task of those whose interest is engaged by these 
phenomena is no longer the creation of new hypotheses but rather the con- 
struction of a rational and consistent system of electrocardiography on the basis 
of the principles already established. This will require the testing and retesting 
by experiment and observation of every prediction that these principles sug- 
gest, to. the end that the limits within which they apply may be defined. 

Unless novelty of method affords a fresh approach, any study of the electro- 
cardiographic consequences of myocardial injury is almost certain to be both de- 
rivative and repetitive. The methods of the present investigation represent no 

Work done in the Department of Internal Medicine, the University of Michigan Medical School, 
Ann Arbor. Mich., and the Mayo Clinic, Rochester, Minp. The observations reported in this article 
’were made with the aid of a grant from the Kresgo Foundation Fund for Research in Cardiology. 

Presented at the Twentieth Annual Meeting of the American Heart Association, held in Atlantic 
City, June 6 - 7 . 1947. 

♦Division of Medicine, Mayo Clinic. 

fR^llow in Cardiology, the University of Michigan Medical School. 
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radical departure from those applied by others. If justification for this report is 
to be found, it must be sought in more commonplace qualities. It may be that 
some of the results recounted here define more boldly the structure of the theory 
to which they afford little needed confirmation; others may establish the con- 
ditions which must obtain in order that the results predicated by that theory 
may evolve; and finally, a report of the initial confusion provoked by certain 
findings and resolved by more extended investigation may help others to avoid 
like dilemmas. We are deeply indebted to Dr. Frank N. Wilson and Dr. Frank- 
lin D. Johnston for counsel and suggestions in the course of our experiments. 

Development of the membrane theory, elaboration of the laws governing 
the flow of electric currents in volume conductors, and integration of these con- 
cepts with the body of electrocardiographic knowledge lie beyond the scope of 
this report. An extended survey of these and related problems may be found in 
an earlier paper which, in conception and expression, bears the mark of finality.-'’ 
It is pertinent only to review aspects of earlier studies which are related directly 
to the problem of myocardial currents of injury. 

Essential to the production of a current of injury is the existence in the 
myocardium of a region on one side of which the cell membranes are damaged 
more severely than on the other. The side of this zone where the injury is most 
severe may be bounded by a layer of muscle which has been destroyed completely. 
If dead,' this muscle layer has no part in the reactions under consideration and 
acts only as a portion of the volume conductor surrounding the injured tissue.* 
On the other side. of this zone of injury are fibers which may be termed normal in 
respect to three arbitrarily defined criteria: 

1. When the fibers are in the resting phase, a potential difference is main- 
tained across the cell membrane. This potential difference is the product of an 
orderly orientation of ions disposed in such a way that the external surface of the 
membrane is positive relative to the internal surface. 

2. On the arrival of the excitatory process, a redistribution of ions occurs 
at the cell membrane attended by a profound alteration of the potential dif- 
ference between the internal and external aspects of that membrane" This re- 
action is called depolarization. 

3. Following the response to the excitatory impulse with depolarization of 
the cell membrane, a reorientation of ions occurs with the restitution of the 
original potential difference across the membrane. This reaction is called re- 
polarization. 

Characteristic, then, of fibers lying just outside the zone of injury is the 
maintenance of a fully polarized membrane during diastole, the occurrence of 
depolarization on arrival of the excitatory impulse and the restitution of a state 
of full polarization of the cell membrane following response to the excitatory' 
process. ' ' 

In what respect does muscle within the zone of injury differ from that which 
responds to excitation in a manner considered characteristic of the normal m 3 'o- 
carchum? Two variations may be defined : 

1. The voltage across the membrane of the injured fibers maj' be zero or 
ma\ reach an^ fraction of its normal value. The degree of polarization ma\' 
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vary not only in different portions of the region of injury but also over different 
portions of the membrane of one and the same fiber. The potential difference 
across the membrane will, in general, be greatest in the fibers or parts of fibers 
which have been injured least. / . ' 

2. On arrival of the excitator}’^ impulse the injured tissue may respond, 
undergoing the changes of ionic distribution characteristic of this reaction. The 
possibility exists, however, that some of the fibers in the area of injury do not 
respond or that onh'^ a part of the cell membrane becomes depolarized, the re- 
mainder retaining across its surface the potential difference which existed during 
the resting state. 

i\'Iusc}e within the zone of injury exhibits, therefore, in comparison with 
that within the “normal'’ region a reduction, variable in degree, of the voltage 
across the cell membranes during the resting phase. In addition, some of the in- 
jured fibers or portions of fibers may display a state of refractoriness to the ex- 
citatory impulse. In a diagrammatic way, the difference between the fibers in 
the “normal’’ region and those in the injured region relative to the state of 
polarization of the cell membrane may be represented as in Fig. 1. In the un- 
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Fig. 1. — Diagrammatic representation of normal and injured cells with respect to the state of 
polarization existing at the cell membranes during the resting and active stages. For explanation, 
see text. 

injured resting fibers, the voltage across the cell membrane is maximal for cells 
of this type. The potential difference between the inside and outside of that 
membrane is the same for all its parts. Hence any possible circuit, ABC, passing 
through the cell necessarily includes potential drops of which the algebraic sum 
is zero. This condition which exists in the resting normal fiber obtains also when 
that fiber has responded to the excitatory process and its membrane is depolar- 
ized. Any potential differences maintained at the cell membrane are the same 
for all its parts and no electromotive force is contributed to any circuit, A'B'C, 
passing through it. 

Only under two circumstances does the normal cell generate an imbalanced 
electromotive force. It does this as it passes from the resting into the active 
state, during which time depolarization occurs, and when it passes back from 
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the active into the resting state during the repolarization process. The normal 
cell does not contribute to the production of the current of injury. 

The source of the current of injury lies within the traumatized tissue. Its 
existence depends on the first of those two characteristics peculiar to injured 
fibers. It flows because of variations of voltage across different portions of the 
cell membranes in the damaged muscle. When traumatized myocardium is in- 
cluded between the terminals of the galvanometer, that part of the current of 
injury flowing through the instrument is neutralized by a compensating current. 
Hence, if the current of injury flowed uninterruptedly, its existence would have 
no effect on the electrocardiogram. The immediate source of the changes in the 
part of the electrocardiogram inscribed after myocardial excitation is completed 
must be sought in that second characteristic of traumatized fibers, the peculi- 
arities in their response to the excitatory impulse. If a response occurs in these 
cells and their membranes are depolarized in greater or lesser degree, then all 
or part of the current of injury will disappear (Fig. 1, circuits DEF and D'E'F'). 
A corresponding fraction of the neutralizing current introduced in the galvano- 
meter will flow unopposed until repolarization occurs. If, on the other hand, 
certain fibers or parts of fibers in the traumatized muscle are refractory to the 
excitatory impulse, the situation represented in Fig. 1, circuits GHI and G'H'E, 
may develop. Because the more strongly polarized portion of the cell membrane 
responds while the remainder does not, an electromotive force will be generated 
directed in a sense opposite to that of the voltage responsible for the current 
of injury. 

The displacement of the RS-T segment commonly occurring in the presence 
of acute myocardial injury is a manifestation of the flow of current produced by 
the electromotive force derived from the refractory portion of the cell membrane 
combined with some portion of the neutralizing current. The exact importance 
from the quantitative standpoint of each of these sources of current remains un- 
known. That monophasic curves can be recorded in the absence of significant 
myocardial injury has been demonstrated by Ashman and Woody Deflections 
of this kind developed Avhen the spread of excitation was blocked at a junction 
between uncooled and cooled tissue, probably as a result of prolongation of the 
refractory period in the cooled fibers of the heart muscle. Furthermore, Eyster 
and associates^® observed that the displacement of the RS-T segment which oc- 
curred at the inception of a myocardial injury exceeded the coincident shift in 
the diastolic base line of the electrocardiogram. This latter alteration is pro- 
duced by the current of injury prior to its neutralization by the compensating 
current and is a measure of its intensity. 

These observations afford support to the conclusion that the displacement 
of the RS-T segment following acute myocardial trauma is not dependent solely 
on a reduction of the intensity of the current of injury when excitation is com- 
plete. It is possible that this displacement is unrelated to alterations of the 
ow of the current of injury, and is a manifestation only of the imbalance of 
e ectromotive forces at the cell membranes within the injured region consequent 
to variations of their response to the excitatory impulse. 
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Both the direction and the amount of RS-T displacement produced by an 
acute myocardial injury depend on the spatial orientation of the injured tissue 
relative to the electrodes of the galvanometer. If the potential at the indifferent 
electrode is not influenced significantly by voltages generated within the heart, 
then the electrocardiogram will afford an uncomplicated record of the changes 
of potential at the exploring electrode. If the solid angle subtended at the ex- 
ploring electrode by the bounding surfaces of the damaged muscle includes only 
portions of those surfaces on which lie the more severely injured cells, the po- 
tential at the electrode will be positive during inscription of the RS-T segment. 
The potential at this period will be negative if the angle subtended at the ex- 
ploring electrode includes only the less severely injured cells (Fig. 2), If the 
configuration and orientation of the zone of injury is such that the angle sub- 
tended at the exploring electrode by the bounding surfaces of the lesion includes 
cells of both types, then the potential- at the electrode will be the algebraic sum 
of the electric forces which would be produced by each group of cells in the ab- 
sence of the other. 



Fig. 2. — A, Diagrammatic representation of the electric field produced at the end of the QRS 
interval by a region of injured muscle on the epicardial aspect of the ventricular wall. The field is 
similar to the one which would be produced if the injured muscle (dotted zone) were polarized in the sense 
indicated. (After Wilson, Hill, and Johnston,'® J934.) B represents the field produced by a layer 
of injured muscle confined to the subendocardial region. 


In SO brief and dogmatic a statement of the conceptions of the dipole theory 
as they are related to myocardial injury, accuracy has been sacrificed and ig- 
norance has been veiled. An attempt has been made to arrive at certain points 
of departure, points which are fundamental in the realm of theory and points 
which may be tested experimentally. 

EPICARDLA.L LESIONS 

The electrocardiographic phenomena produced by injuring the heart have 
been investigated carefully.®'^® Wilson and associates^® in 1934 burned the 
subepicardial muscle of the ventricle of turtle hearts. Electrocardiograms Avere 
recorded with the indifferent electrode placed at a point remote from the heart 
and with the exploring electrode near or in contact A\nth the ventricular surface. 
They observed that, apart from a difference of magnitude, the variations of po- 
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tential at a given point on the ventral surface of the beating heart v^ere similar 
in all respects whether this surface was exposed to air or was in contact with an 
external conducting medium. When the muscle beneath the exploring electrode 
was injured, pronounced displacement of the RS-T segment occurred and the 
ventricular complex often became monophasic. With connections made so that 
relative negativity of the exploring electrode produced an upward deflection, 
the direction of the RS-T displacement was downward. When the subepicardial 
muscle was injured over a wide area and the injury and the exploring electrode 
were on opposite sides of the heart, the RS-T displacement was upward and was 
less pronounced. These investigators analyzed the electric field produced by 
the injury. It is their conception of this field which forms the basis for Fig. 2, A. 

During the course of studies designed to ascertain the effects of lesions in- 
volving only the subendocardial layers of muscle, occasion arose to repeat cer- 
tain procedures of these earlier investigations. In several experiments, obser- 
vations were made on lesions involving the subepicardial muscle of that portion 
of the ventral surface which was exposed to air. Electrocardiograms in which 
relative negativity at the exploring electrode was represented by a downward 
deflection showed pronounced upward displacement of the RS-T segment when 
the exploring electrode was on the epicardial aspect of the lesion. However, 
curves derived from an exploring electrode in the ventricular cavity did not show 
the distinct downward displacement of the RS-T segment that had been an- 
ticipated. 

In the experiments of Wilson and associates, the potential inside of the 
ventricular cavity was not recorded. However, when the subepicardial muscle 
of the dorsal myocardial wall was burned, relative negativity of the epicardium 
on the ventral wall was recorded during the RS-T period. If the conductivity 
of the body tissues is relatively uniform, the electric field corresponding to the 
forces arising within the injured muscle should be approximately symmetric 
with respect to. the bounding surfaces of that damaged tissue. This being the 
case, one would expect that in the presence of an acute lesion of the dorsal epi- 
cardium, negativity of the ventral epicardium would be attended by negativity of 
the ventricular cavity (Fig. 2, A). 

An obvious discrepancy existed between the preliminary observations of 
the present investigation and the results predicated on the basis of the con- 
ceptions of Wilson and associates. The experiment of the earlier investigation, 
therefore, was repeated with the intent of recording simultaneously the potential 
changes in the ventricular cavity and those at the epicardial surface. 

Method. Experiments were performed on turtles {Grapleniys geographica). 
The animal was pithed, the heart was exposed by removing the plastron and the 
prepara.tion was placed with the dorsal side down in a large shallow dish filled 
vith Ringer s solution. A Sanborn Tribeam electrocardiograph was used to ob- 
tain two simultaneous records on the same strip of paper. One terminal of each 
circuit of the instrument was attached to a copper disk 5 cm. in diameter. This 
e ectro e uas placed in the Ringer’s solution at a point as remote as possible 
rom t e eart. The other terminal of each circuit was attached to one of the 
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exploring electrodes. When points on the surface of the heart Avere to be ex- 
plored, the electrode consisted of a small glass tube stoppered rrilh salted kaolin 
and filled with 20 per cent copper sulfate solution into which Avas thrust a coil 
of copper wire. Contact with the heart was made b^^ a wick of cotton embedded 
in the kaolin plug and enclosed in a small rubber tube so that it Avas insulated 
to AAuthin 1 or 2 mm. of its exposed end. When the potentials AAuthin the A'en- 
tricular caAoty AA'^ere to be recorded, the electrode consisted of a filiform catheter 
AAuth a core of copper Avire. The insulation of the catheter coA^ered all but the 
tip of the copper Avire. The lesions produced in the subepicardial muscle Avere 
burns made AAoth a high frequency electrocoagulation unit (BoAue). 

Experiment 1 . — The turtle AA^as prepared in the usual manner. The filiform 
electrode AA^as introduced into the A'^entricular cavity. This AA'-as accomplished by 
making a small incision in the lateral subdiAusion of the right aorta. The tip of 
the electrode Avas slipped into the ventricular caAoty and a ligature encircling the 
artery in AA’’hich lay the shaft of the electrode AA^as draAAm tight. The soft-tipped 
electrode AA’as placed on the part of the ventral surface exposed to air and simul- 
taneous records Avere made of the ventricular caAuty and epicardial potentials. 
The epicardial electrode AA^as then removed temporarily. W^ith the electroco- 
agulation unit, a burn AA^as made on the dorsum of the A^entricle. This lesion 
covered the left half of the basal portion of the dorsal epicardial surface. The 
soft-tipped electrode AA^as replaced on the epicardium and another set of electro- 
cardiograms Avas recorded immediately. Subsequent electrocardiograms AA^ere 
made five minutes, tAA’-enty-five minutes, and forty minutes after production of 
the lesion. 

The electrocardiograms recorded in Experiment 1 are reproduced in Fig. 3. 
DoAAmAvard displacement of the RS-T segment is present in the curA'-es obtained 
after production of the lesion AAuth the e.xploring electrode in the ventricular 
cavity and also in those taken AAuth this electrode on the portion of the ventricular 
surface Avhich Avas exposed to air. The amount of displacement is greatest in 
records obtained immediately after the lesion AA^as produced. Within tAA^enty-fiA^e 
minutes the RS-T segment had returned almost to the isoelectric line in both the 
epicardial and the caAuty leads. 

These results are in complete accord AAuth those reported by Wilson and 
associates and AAUth the conception of the electric field Avhich they advanced. 
But this confirmation of their observations defined AAUth even greater precision 
the problem AA^hich remained unsoh^ed. Why should the potential AAuthin the 
ventricular cavity be made negative during the inscription of the RS-T segment 
by an acute lesion affecting the dorsal subepicardial muscle, but remain un- 
changed Avhen a similar lesion of the ventral subepicardial muscle AA-^as produced? 
The major difference betAveen the tAAm lesions did not appear to be an intrinsic 
one. In each instance the orientation of the injured and the uninjured muscle 
relative to the exploring electrode in the ventricular cavity AA^as the same. But 
a major difference did exist in the environment of the lesion. The injured area 
on the dorsal surface AA^as completely surrounded by a conducting medium 
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whereas that on the ventral surface was bounded on one side by air. Determi- 
nation of the effect of eliminating this difference afforded an attractive approach 
to the problem under investigation. 





Pig. 3.— Upper curves were recorded with the exploring electrode in the ventricular cavity; iower 
curves, with the electrode on the portion of the ventricular wall exposed to air. Exact sensitivity is 
uncertain but it approximates 3 millivolts per centimeter on the ordinate scale. A, Control; B, after 
burning dorsal surface of the ventricle; C, five minutes after bum; and D, forty minutes after burn. 

Experiment 2 . — ^The turtle was prepared in exactly the same manner as in 
Experiment 1. Electrocardiograms were taken with the exploring electrode of 
one circuit in the ventricular cavity and that of the other on the portion of the 
ventral surface exposed to air. A circular pad of cotton, approximately 3 mm. 
thick and large enough to cover the ventral surface of the heart and extend into 
the surrounding medium, was soaked in Ringer’s solution and laid over the heart. 
The soft-tipped electrode was placed in contact with the surface of this pad at 
a site as near as possible to its previous point of contact with the ventricular 
surface. Another set of electrocardiograms was made. When the pad lay on 
the heart, the size of the deflections of the ventricular complex was reduced to 
approximately a fifth the amplitude of the deflections obtained when the ex- 
ploring electrode rested on the exposed surface of the heart. In order to main- 
tain approximate constancy of the size of the deflections recorded under the 
two sets of conditions, the sensitivity of the circuit was increased fivefold when 
curves were taken with the pad covering the heart. 

The pad was then removed and with the electrocoagulation unit a burn 
was made on the exposed portion of the ventral surface of the heart. There- 
after, electrocardiograms were recorded in the same manner and in the same 
order as the curves taken before the burn. Additional sets of electrocardiograms 
were made ten minutes, twenty minutes, and fifty minutes later. 

The electrocardiograms recorded in Experiment 2 are reproduced in Fig. 4- 
Examination of these curves reveals that upward displacement of the RS-T 
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segment is present in those derived from the epicardial electrode after pro- 
duction of the lesion whether the ventral surface was or was not immersed in 
the conducting medium. On the other hand, downward displacement of the 
RS-T segment is present in the leads from the electrode in the ventricular cavity 
only when these were taken while the ventral surface of the heart was covered 
by the pad soaked in Ringer’s solution. 



Fig. 4. — Upper curves were recorded with the exploring electrode in the ventricular ca\ity; lower 
curves, with the electrode on or adjacent to the epicardial aspect of the ventral wall of the heart. A, 
Control prior to immersing the dorsal surface of the heart in Ringer’s solution; B, control after im- 
mersion of the dorsal surface; C, control with ventral surface of the heart covered by a pad soaked in 
Ringer's solution; D, after burning ventral surface of heart, lesion and ventral wall of heart exposed to 
air; E, Immediately after D, ventral surface of heart covered with a pad soaked in Ringer’s solution; 
F, immediately after E, pad removed from ventral surface of heart; G, ten minutes after burn, pad over 
heart; H, immediately after G, pad removed from surface of heart; I, twenty mintues after bum, pad, 
over heart; J, immediately after J, pad removed from surface of heart; K, fifty minutes after bum, pad 
over heart; and L, immediately after K, pad removed from surface of heart. 

Ordinate scale; upper curves, 5 millivolts per centimeter; lower curves, 3.5 millivolts per centimeter 
except when ventral surface of heart was covered by pad, then 0.5 millivolt per centimeter. 


It has been observed by others that the distribution of electric forces arising 
within a region of injury is dependent on environmental factors. Craib"* found 
that the potential at the surface of a partially immersed strip of injured skeletal 
muscle varied with the position, of the injured tissue relative to the conducting 
medium. Eyster and associates^® in 1938 commented on the minor changes in 
the potential of the medium surrounding an isolated quiescent tortoise heart 
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following injury if the heart were not immersed or if the plane of injury cor- 
responded to that of the field. 

It is questionable how much will be gained from an effort to conceive the 
exact origin and distribution of potential variations within an electric field under 
the circumstances described in Experiment 2, An analysis will be presented 
only after according recognition to the fact that it is, an explanation designed 
to fit a limited set of circumstances. 

Suppose that a sheet of heart muscle could be isolated in an untraumatized 
state and then injured in such a way that the cells on one side of the sheet were 
damaged more severely than those on the other side. A gradient of injury would 
then exist across the muscle, and current* would flow from the least injured cells 
on one side to the most injured cells on the other. Within this isolated strip of 
muscle there must be complete circuits containing the algebraic sum of all the 
potential drops between the least injured side of the least injured fibers and the 
most injured side of the most injured fibers. If one electrode were placed on 
one surface of the sheet and the second electrode on the other surface, the po- 
tential difference between the two sides could be measured. Immersion of the 
muscle in a conducting medium would not be essential to any of these develop- 
ments. 

Suppose the surface of this muscle on which lay only the least injured 
aspects of the least injured cells was placed in contact with a conducting medium 
of large extent. All points on this surface would be at the same potential and 
hence no current would flow between them. 

Finally, suppose that both surfaces of the injured muscle were immersed 
in the conducting medium. Innumerable circuits would now exist, running from 
the least injured fibers through the conducting medium and back into the muscle 
sheet on the side where lay the most injured cells. 

Thus, if an acutely injured muscle in which a gradient of injury exists is 
to create an electric field in a conducting medium of large extent, cells lying at 
different levels on the gradient of injury must make contact with the medium. 

Under the circumstances existing when the electrocardiograms reproduced 
in Fig. 4, D were recorded, only the least injured fibers made contact with the 
medium. Hence, no significant amount of current ilowed from the injured tissue 
into the conducting medium. When one electrode of the galvanometer was 
connected to the most severely injured cells and the other terminal to the ref- 
erence electrode in the medium, a circuit was completed and the potential dif- 
ference across the traumatized tissue was recorded. However, only after the 
more severely injured fibers were immersed in the medium did any appreciable 
fraction of the current of injury flow through the ventricular cavity and thence 
into the circuit of the galvanometer to which the electrode in the cavity was 
connected. 

This analysis appears to afford a reasonably satisfactory explanation for 
the developments in Experiment 2. It does not lend itself easily to the expla- 
nation of even minor alterations in the conditions which existed in that experi- 


or injury” is used In the broadest sense. The exact sourc 

.p nsi c nt RS-T displacement in the electrocardiogram is immaterial to the argument 
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menu In order to arrive at a method more generally applicable, it is necessary 
to adopt a procedure commonly utilized in computing electric fields in heter- 
ogeneous medians This approach, known as the method of images, may be 
applied in the analysis of problems in which two media are separated by a 
plane boundary. In Fig. 5, part I, let the line- AB represent a plane surface 





3. 



Fm - 

"P**® method of images as it applies to the solution of the problem presented by the results 
of Experiment 2. In all three diagrams, the line AB represents a plane which forms the boundary be- 
tween two mediums of different conductivities. 5 represents a source of electricity in Medium I and I 
represents its image forces in Medium IT. For further discussion, sec text. 

which constitutes the boundary between two media. Let us suppose that there 
is a source 5 of electricity in Medium I at a distance a from the plane surface. 
Let / in the second medium be the image of S, and let ki be the resistance of 
Medium I and ko the resistance of Medium 11. It can be demonstrated that 
the flow of current at any point in the first medium is the same as would be 

produced by the source S, together with a source S placed at I, if the 

+ ko 

first medium were infinite in all directions. The current at a point in the second 

medium is the same as would be produced by a source — placed at 5 if the 

ki+ h 

second medium were infinite in all directions. 
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If the second medium is a perfect insulator, then fen is equal to infinity and 
by the first equation the image at I would be equal to the source at 5 and of the 
same sign. 

In Experiment 2 the source 5 in the first medium was represented by the 
injured layer of muscle, one aspect of which was bounded by a volume con- 
ductor of large extent and the other by a nearly perfect insulator, air. The 
effect of this environmental situation on the distribution of electric forces pro- 
duced by the lesion may be estimated by applying the method of images. Be- 
cause the medium on one side of the boundary was a nearly perfect insulator, 
the images at I and the forces at 5 would be of the same sign and of equal mag- 
nitude. In Fig. 5, part 2, the forces produced by the lesion are represented dia- 
grammatically by a polarized surface 5, seen in section. The image forces I 
are indicated in the same way. It will be seen that the polarized surface 5 and 
its image I form a closed space. The positive poles of the elementary voltages 
are inside this space, the negative poles outside. 

At any point Pi on the epicardial surface of the lesion, the solid angle sub- 
tended by the polarized surface 5 and that subtended by its image I have the 
same sign and equal magnitude. At any point Pj which lies outside the injured 
muscle, the two angles are opposite in sign and equal in magnitude. The po- 
tential at any point due to an injured region is roughly proportional to the solid 
angle which the bounding surfaces of the lesion subtend at that point. It is 
clear, therefore, that the potential at the epicardial surface of the lesion under 
consideration would be positive and double what it would be if the medium 
surrounding the injured muscle were infinite in all directions. The potential 
at any point outside the zone of injury, on the other hand, would not be in- 
fluenced significantly by electric forces produced within the damaged muscle. 

When the surface of the heart was covered by a pad soaked in Ringer’s 
solution, an environmental situation was created in which the injured layer of 
muscle was bounded on its epicardial aspect by a medium of higher conductmty 
than that which lay on the opposite side of the zone of injury. Under such 
circumstances, by equation 1, the images at I and the forces at S would be of 
opposite sign and of a magnitude determined by the relative conductivity of the 
mediums and their extent (Fig. 5, part 3). As a result, the degree of positivity 
at P 1 would be reduced greatly and significant negativity would develop at P 2 - 

An Experiment With Muscle Juice {Experiment 3 ). — ^This experiment does 
not constitute an integral component of the series. It is described because, to 
us, the results seemed particularly interesting. 

The sequence of changes in myocardial injury probably includes (1) an in- 
crease of the permeability of the cell membranes; (2) a redistribution of the 
ions on either side of the cell membranes, and (3) a diminution of the voltage 

across these membranes, the degree of which is proportional to the severity of 
the injury. 

There is reason to believe that, in these changes which occur after injurj^ 
potassium ions are involved. A consideration of the intimate nature of the part 
which these ions play would extend beyond the authors’ knowledge. Two well-' 
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established facts may be cited: (1) The concentration of potassium ions is much 
higher in intracellular than in extracellular fluids. (2) If a solution containing 
potassium ions in relatively low concentration (0. 1 molar potassium chloride) 
is applied to the -surface of the heart and the exploring electrode is placed on 
the same area, ventricular complexes of a monophasic type are recorded. 

If injuring the cell increases the permeability of its membrane, it undoubt- 
edly leads to diffusion of potassium ions from the intracellular to the extracel- 
lular fluid. These potassium ions may be expected to exert on the less severely 
injured and uninjured muscle an effect similar to that produced by a solution of 
0.1 molar potassium chloride. As a minor and perhaps repetitious study of this 
phenomenon, the following experiment was undertaken. 

A turtle was prepared in the manner already described,, and control electro- 
cardiograms were taken in the usual wajc A small piece of skeletal muscle 
from the pelvic girdle of the same turtle Avas chopped into fine pieces and a few 
drops of juice were squeezed from the macerated tissue onto a piece of dry 
cotton 8 mm. in diameter. This piece of cotton was laid on the air-exposed 
portion of the ventricle. of the beating heart. The wick of the soft-tipped elec- 
trode was placed in contact with the piece of cotton. Two sets of tracings were 
made. In a second piece of cotton, 3 cm. in diameter, a hole approximately 8 
mm. in diameter was cut. This pad was soaked in Ringer’s solution and placed 
on the surface of the heart in such a way that the borders of the hole made con- 



ji-jg. 6. — Upper curves were^, recorded with the exploring electrode in the ventricular cavity; lower 
curves, with the exploring electrode on or adjacent to the ventral aspect of the heart wall. A, Control; 
opicardial electrode resting on surface of heart; B. after placing small pad soaked in muscle juice be- 
tween the epicardial electrode and tlio ventral surface of tlie heart; C, one minute after B, conditions 
unchanged; D, two minutes after B, air-exposed portion of ventral surface covered by a cotton pad soaked 
in Ringer's solution; and JS, after both pads had been removed and surface had been rinsed repeatedly 
with Ringer’s solution. 

Ordinate scale; upper curves, 5 millivolts per centimeter; lower curves, 3.5 millivolts per centi- 
* meter except in D, w'hcre a scale of 0.8 millivolt per centimeter exi.sted. 
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tact with the margins of the pad soaked in cellular juice. Another set of elec- 
trocardiograms was recorded. Both cotton pads were removed and the surface 
of the heart was rinsed repeatedly with Ringer’s solution. A final set of electro- 
cardiograms was recorded. 

The electrocardiograms recorded in Experiment 3 are reproduced in Fig. 
6. In the curves derived from the electrode placed in contact with the small 
cotton pledget soaked in muscle juice, upward displacement of the RS-T segment 
was always present. Downward displacement of the segment occurred in leads 
from the electrode in the ventricular cavity only when the exposed surface of 
the heart was covered with a larger pad soaked in Ringer’s solution. These 
findings are similar to those obtained when the subepicardial muscle at a com- 
parable site was burned. 

The results of this experiment indicate that in the fluid which can be 
squeezed from severely damaged muscle cells of a turtle there is a substance 
which, when applied to the beating heart of the same animal, will produce 
changes in its action currents like those which follow injury inflicted on the 
myocardial cells by mechanical or thermal means. 

ENDOCARDIAL AND SUBENDOCARDIAL LESIONS 

Large myocardial infarcts which involve only the subendocardial muscle 
occur very rarely in man and lesions of this kind are difficult to produce in 
animals. Hence, the electrocardiographic changes related to acute injuries in 
the subendocardial region have remained problematic. It seems to be 
generally agreed that such lesions produce depression of the RS-T segment in 
the standard limb leads and often in the precordial leads as well. Wolferth 
and associates-^ recently have proposed certain generalizations in explanation 
of this phenomenon. They divided RS-T displacements into primary and sec- 
ondary types, defined as follows; displacement of the primary type results from 
physicochemical disturbances in the fibers directly beneath the exploring elec- 
trode; displacement of the secondary type is recorded over the surface of unin- 
volved muscle as a result of changes of potential produced at that surface by 
forces generated in injured muscle elsewhere in the heart. In the language of 
Lewis and Rothschild, the first is intrinsic and the second extrinsic in origin. In 
the experimental results reported by Wolferth and associates,-* primary RS-T 
displacement, with one possible exception, was always positive and secondary 
displacement always negative. Since endocardial lesions consistently bear a sec- 
ondary or extrinsic relation to an electrode placed on the epicardial. surface of 
the heart, the resulting displacement of the RS-T segment is downward. 

Between the predictions based on these generalizations and those derived 
from the concepts of the dipole theory outlined, there is seldom a significant 
difference. However, on the basis of the dipole theory, an endocardial lesion 
may produce upward displacement of the RS-T segment in a lead from an elec- 
trode placed^ on an uninjured epicardial surface. This possibility is illustrated 
2, B, in which a subendocardial lesion is represented. An electrode placed 
at Pi lies in a portion of the cardiac field which should be at a negative potential 
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at the end of the QRS interval. Under the circumstances postulated, an electrode 
placed at Ps, on the epicardial wall opposite the lesion would lie in the positive 
portion of the field and in a lead from this point the RS-T segment would be dis- 
placed upward. 

Consideration of these relationships identifies one requirement which should 
be satisfied in an investigation of the electrocardiographic changes produced by 
acute subendocardial injuries. Curves should be recorded not only from points 
on the epicardium overlying the injured muscle but also from the epicardial 
surface of uninvolved parts of the ventricular walls. 

The difficulties encountered in attempts to produce endocardial lesions 
justify extended consideration of other aspects of this problem. If the effects of 
damage to the endocardial and subendocardial tissue on the potential at an 
electrode outside the heart are to be ascertained, then the lesion must be satis- 
factory in certain respects. 

1. It should be large enough and severe enough to generate an electric 
field of measureable intensity in the conducting medium surrounding the heart. 

2. The boundaries of the lesion should meet the following specifications: 
first, the zone of damage should be thin, so that a layer of uninjured cells lies 
between the traumatized tissue and the epicardium; and second, the injured 
cells should be oriented in such a way that all the electric forces produced by 
them have a similar effect on the potential of an electrode placed on. one side of 
the lesion. 

The production of a lesion which meets these requirements is not accom- 
plished easily nor frequently. The very architecture of the heart renders difficult 
their fulfillment. The epicardium presents a relatively broad smooth surface 
readily accessible to traumatizing procedures. The area of the endocardial sur- 
face is much smaller, its configuration is irregular and its approach is difficult. 
If a lesion is to be large and still meet the demand that all its parts contribute 
forces of like sign to the electric field, then it must involve most of the endo- 
cardial aspect of either the ventral or the dorsal wall of the ventricle without 
extending into the endocardial tissues on the opposite side of the ventricular 
cavity. Experience soon reveals that in the production of so large a lesion on 
one wall, injury to the other wall is likely to occur, particularly near the apex. 

Limitation of the thickness of the traumatized zone can be achieved more 
satisfactorily by the electrocoagulation technique than by any other method which 
we have devised. Yet an unusually prolonged or intense flow of the traumatizing 
current may result in extension of the injury to the epicardial tissues. 

The two experiments described here were selected from a series of thirty- 
five, In these two instances among all the experiments the electrocardiographic 
changes were greatest, but in them also the criteria defined in the preceding 
paragraphs were most nearly fulfilled. 

Method . — ^Turtles were used. The earlier experiments were undertaken on 
small specimens {Grapiemys geographica) measuring 6 to 8 inches (15 to 20 cm.) 
in diameter. In such animals the heart is- small and the production of a well- 
localized subendocardial lesion was found to be exceedingly difficult. Large 
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snapping turtles {Chelydra serpentina) were then secured. Each of these animals 
measured 12 to 14 inches (30 to 36 cm.) in diameter and weighed approximately 
10 pounds (4. 5 kilograms). Following an initial series of experiments on twenty 
small turtles, a second series was carried out on fifteen of the larger animals. 
An endocardial lesion of some type was produced in all except two of these 
turtles. 

The myocardium was injured by electrocoagulation. The method was 
identical with that employed in damaging the subepicardial tissues. In the 
experiments on small turtles, the filiform electrode previously described was 
introduced into the ventricular cavity by way of the lateral branch of the right 
aorta. This electrode was used both for recording potentials in the ventricular 
cavity and for applying the electrocoagulating current. In the experiments on 
the larger turtles, an enameled copper wire 1.2 mm. thick with a rounded tip 
was substituted for the filiform electrode. 

The large turtles were not placed in a dish filled with Ringer’s solution. 
In the experiments performed on them, the indifferent electrode was a copper 
disk, 2 cm. in diameter, placed on the subcutaneous tissues of the left hind leg. 

Experiment J /., — ^This was an experiment on a small turtle. The animal was 
prepared in the usual manner. T\vo leads were taken simultaneously; one re- 
corded th^ potential of the ventricular cavity, and the other, the potential at a 
point on the central portion of the exposed ventricular surface. With the fili- 
form electrode attached to the electrocoagulation unit, an endocardial burn was 
made. Electrocardiograms were made in rapid succession under conditions 
noted in the legend of Fig. 7. 

Post-mortem examination of the heart revealed a lesion involving the en- 
tire endocardial aspect of that portion of the ventral wall lying to the left of 
the band of muscle which represents the primordial septum. The apparent 
thickness of this lesion was 1 mm. or less. 

Electrocardiograms recorded in Experiment 4 are reproduced in Fig. 7. 
The results of this experiment are presented for two reasons. The first of these 
is that the curves obtained exhibit displacement of the RS-T segment induced by 
extensive injury of subendocardial tissues of the ventral wall of the heart. The 
contrast between the electric field on one side and that on the opposite side of 
the injured region is illustrated. The RS-T displacement in the leads from the 
epicardial electrode is downward, whereas, in those from the cavity electrode, 
the RS-T displacement is upward. These findings are consistent with the postu- 
lates of the dipole theory. 

The second reason for presenting these data is that they illustrate a problem 
which arose frequently in this series of experiments; namely, the effect on the 
form of the electrocardiogram of changes in the electrical properties of the im- 
mediate environment of the heart. In Experiment 2, an example of this effect 
as it occurs in epicardial lesions was presented and discussed at length. Review 
of the electrocardiograms reproduced in Fig. 7 indicated to the observers that 
m the presence of endocardial injury an abundance of free fluid on the surface 
o the heart has an effect similar to that produced by covering the air-exposed 
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portion of the surface with a thin cotton pad soaked in Ringer’s solution. Either 
of these environmental factors could be effective in one or both of two ways; 
either by altering the distribution of cardiac currents or by changing the nature 
of the contact between the soft-tipped electrode and the ventricular surface. 
When all free fluid is removed from the air-exposed portion of the ventral surface 
of the heart and from the cotton wick at the tip of the exploring electrode, the 
area of contact between the epicardial surface and the wick is small and is sub- 
ject to variations during different portions of the cardiac cycle. A relatively 
constant contact can be effected only b}^ pressing the Avick of the electrode firmly 



Pig. 7. — Upper curves were recorded witli tlie exploring electrode in the ventricular cavity ; iower 
curves with the exploring electrode on or adjacent to the epicardial aspect of the ventral wall of the 
heart. A, Control; B, after making a burn on the endocardia] aspect of the ventral wall of the heart, 
ventral surface of heart partially immersed in Ringer’s solution; C, immediately after B, 2:1 auriculo- 
ventricular block had developed and persisted until cun-es reproduced in JI were recorded; D, air- 
exposed portion of vmntral surface of heart covered by a pad soaked in Ringer’s solution; E, after re- 
moving all fluid from ventral surface of heart; F, five minutes after burn, no free fluid on ventral surface 
of heart; G, immediately after F, pad covering heart; H, ten minutes after burn, all free fluid removed ; 
and I, immediately after H, pad covering ventral surface of heart. 

Sensitivity of galvanometer circuit was increased approximately fivefold in recording curves from 
epicardial electrode when pad soaked in Ringer's solution covered ventral surface of heart. 


against the epicardium. However, this procedure may itself injure the subepi- 
cardial muscle and produce changes in the form of the electrocardiogram. Cover- 
ing the heart with a pad soaked in Ringer’s solution or immersing it in free 
fluid permits the establishment of a constant contact between the heart and the 
exploring electrode. 
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It is difficult to ascertain whether the changes in the electrocardiogram 
which attended immersion of the heart in Experiment 4 were related primarily 
to alterations of the electric field produced by the injured muscle or to the estab- 
lishment of a better contact between the electrode wick and the cardiac surface. 
These changes were not striking in leads from the electrode within the ven- 
tricular cavity. In such curves the upward RS-T displacement was slightly 
greater when a pad covered the heart than it was when the ventricular surface 
was exposed to air (Fig. 7, H and I). With the same variation in the environ- 
mental circumstances a greater change occurred in leads from an electrode 
placed at a point outside the heart. When the ventral surface .of the heart was 
bounded by air, the junction of the S wave and the S-T segment was above the 
isoelectric line in an epicardial lead from the exposed region. In a similar lead 
taken with a pad covering the heart, this junction was on a level below the iso- 
electric line near the point occupied by the spike of the S wave in the preceding 
curves. 

It appears probable that most of these changes in the ventricular complexes 
of leads from the epicardium were due to variation in the contact made by the 
electrode with the heart. The conclusion is not justified, however, that all of 
them certainl}' were related to this factor. If an alteration of the electric field 
produced by the lesion did occur, the origin of the change may have been similar 
to that postulated in the discussion of a similar situation which obtained in 
Experiment 2. 

Experiment 5 . — This experiment was performed on a large turtle. The 
animal was prepared in the usual manner. In order to obtain electrocardiograms 
from the dorsal epicardial surface, a piece of enameled copper wire was used. 
The distal end of the wire was rolled into a coil 8 mm. in diameter, from one side 
of which the enamel was removed. The surface of the coil was flat and smooth. 
The coil was placed in the pericardial sac, resting lightly against the epicardium 
of the dorsal ventricular wall near the base of the heart. The shaft of this elec- 
trode was sutured firmly to the adjacent tissues. Electrocardiograms were taken 
by leading from electrodes placed on the dorsal and ventral epicardial surfaces 
and from an electrode in the ventricular cavity. A second set of curves was re- 
corded after the ventral surface of the heart was covered with the pad soaked 
in Ringer's solution. A lesion was produced with the electrocoagulation unit. 
Thereafter, electrocardiograms were recorded in the manner and at the times 
designated in the legend of Fig. 8. Post-mortem examination revealed that the 
lesion involved the endocardial aspect of the entire ventral wall of the ventricle. 
Even the ridge of muscle which represents the primordial septum was burned. 
The apparent depth of the lesion was 1 mm. 

The electrocardiograms recorded in Experiment 5 are reproduced in Fig. 8. 
After the subendocardial injury was produced, the changes in the QRS com- 
ple.xes of the leads from the dorsal and those of the leads from the ventral surface 
were opposite in character. Prior to the production of the injury, the QRS 
deflections had essentially the same form in leads of both kinds. A broad R 
wave was followed by an S wave of approximately equal amplitude. After the 
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injury, the complexes of the leads from the ventral epicardium consisted of a 
small Q wave followed by a broad R wave. The S wave had disappeared. The 
complexes recorded from the dorsal epicardial surface also underwent alterations 
in form. The R wave became narrower and the S wave broader and deeper. 



Fig. 8. — Upper curves in Columns I and II were recorded with the exploring electrode on or adjacent 
to the epicardial aspect of the dorsal ventricular wall (D); upper curves in Columns III and IV were 
recorded with the exploring electrode in the ventricular cavity (C). The lower curves were recorded 
with the exploring electrode on or adjacent to the epicardial aspect of the ventral wall of the heart [E). 
In Columns I and IV, tfie ventral surface of the heart was exposed to the air; in Columns II and III 
the ventral surface was covered with a pad soaked in Ringer’s solution. Records were made at times 
indicated along left hand margin of figure. 

Ordinate scale; in curves derived from ventricular cavity, 5 millivolts per centimeter; in curves 
derived from dorsal surface and from exposed ventral surface, 3 millivolts per centimeter: in curves 
derived from surface of pad covering ventral wall of heart, 0.5 millivolt per centimeter. 


These electrocardiograms suggest delayed activation of the ventral wall 
of the heart. Changes in the QRS complexes similar in character and magnitude 
to those recorded in this instance were not encountered in any other experiment 
of this series. Their occurrence may have been due to the large extent of the 
endocardial lesion or to the involvement of some portion of the heart wall es- 
sential to rapid propagation of the wave of excitation. 

The RS-T displacements recorded in Experiment 5 are readily perceptible. 
Subsequent to the production of the endocardial lesion, upward displacement 
was present in leads from the ventricular cavity and in leads from the dorsal 
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epicardium. When the exploring electrode was on the ventral epicardium and, 
therefore, on the opposite side of the injured layer, the displacement was dowm- 
ward. 

These results afford evidence that the direction of the RS-T displacement 
produced by injury to the endocardial and subendocardial tissues depends pri- 
marily on the orientation of the lesion relative to the exploring electrode. The 
presence of uninjured muscle between the electrode and the lesion is significant 
in determining the direction of the displacement only when the uninjured myo- 
cardium underlying the exploring electrode constitutes one boundary of the in- 
jured region. In this case the electrode lies on that side of the lesion where 
the injury to the muscle is least. From an electrode so located, downward dis- 
placement of the RS-T segment will be an invariable derivative. 

The results of Experiment 5 suggest also that upward displacement of the 
RS-T segment may be recorded in the absence of significant injury to the muscle 
cells underlying the electrode. For the appearance of upward RS-T displace- 
ment, it is necessary and sufficient that the exploring electrode face the side of 
the lesion on which the injury was most severe. In lesions produced by trauma- 
tizing the subepicardial layers, the region of most intense injury is also the most 
superficial. From an electrode placed on the surface of such a lesion, curves will 
be derived in which the RS-T displacement is upward. But when a lesion is 
produced by traumatizing the endocardial and subendocardial layers of muscle, 
the most severely injured cells are on that aspect of the lesion which faces the 
ventricular cavity. An electrode placed on the epicardial aspect of the opposite 
ventricular wall may lie within the electric field of that lesion at a point where 
the potential at the end of the QRS interval is positive enough to produce sig- 
nificant upward displacement of the RS-T segment. 

If, in the electrocardiograms commonly recorded, subendocardial injury is 
attended more frequently by depression than by elevation of the RS-T segment, 
the explanation must be sought in the orientation of the injured muscle relative 
to the leads used. Such an explanation may be derived from concepts com- 
patible with the dipole theory. 

In an earlier investigation by one of us, in association with Barnes and 
Essex, changes in the electrocardiogram induced by injuries confined to the 
endocardial and subendocardial tissues were recorded in a series of experiments 
on dogs. Extensive lesions were produced by mechanical means. The leads 
used were from an exploring electrode on the thoracic wall at a point overlying 
the injured region to an indifferent electrode on the right foreleg. Displacement 
of the RS-T segment was neither a consistent nor an impressive feature of the 
records obtained. The explanation of its absence remained obscure. In the 
present series of experiments, the production in dogs of lesions restricted to the 
endocardial tissues was not undertaken. We feel, however, that a brief dis- 
cussion of this unsolved problem of the earlier investigation and its relation to 
the findings just reviewed is desirable. 

The electric manifestations of cellular injury appear to be similar in turtles 
and dogs. In contrast, the spread of the wave of excitation is significantly dif- 
erent in the two species. In the heart of the turtle, no system of tissue special- 
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ized for the conduction of this wave has been identified. Its spread occurs ordi- 
narily in the direction of a line pointing from the left basal to the right apical 
region of the ventricle.^^’^^’*® Epicardial points are activated later than the 
endocardial points immediately underlying them. In the canine heart, a ven- 
tricular S 5 'stem for conducting the e.xcitatory impulse is well developed. The en- 
tire endocardial aspect of the ventricular walls probably is activated almost 
simultaneously. The major portion of the QRS comple.x; is formed while the wave 
of e.xcitation is spreading across the wall from within outward. However, it 
appears unlikely that the course taken by this wave could influence portions of 
the electrocardiogram written after the impulse has completed its spread to all 
parts of the ventricular muscle. K valid, this principle would apply whether 
the heart under consideration was that of a dog or that of a turtle. Therefore, 
the effects of endocardia! and subendocardial injury on the level of the RS-T 
junction and segment should not depend on the mode of propagation of the 
wave of excitation. 

In all probability, the failure in the earlier e.xperiments on dogs to record 
results similar to those subsequently obtained in 'turtles was dependent on some 
factor or factors other than the course pursued by the e.vcitator}^ impulse. Two 
of these factors may be mentioned. 

In the e.xperiments on dogs, no effort was made to produce lesions so located 
that all of the resulting electric forces would have essentially the same orientation. 
In many of these experiments, the area of injury e.xtended over the subendo- 
cardial muscle of the entire apical portion of the left ventricle including the 
septum. Under these circumstances the potential changes at a point on the 
thoracic wall overlying the lesion would represent the algebraic sum of electric 
forces of one kind from the injured region on one wall of the left ventricle and 
forces of inverse polarity from the injured region on the opposite wall. Because 
the traumatized muscle on the ventral side was nearer the e.xploring electrode 
than that on the dorsal side of the heart, the electric forces derived from the 
former perhaps should have been somewhat stronger than those derived from 
the latter. Without more detailed knowledge than is available, however, it is 
difficult to estimate what the net effect of combining the opposing forces might be. 

It may also be pointed out that the lesions produced in the earlier e.xperi- 
ments were not only large,- they were also deep. In some places they extended 
through as much as a third of the thickness of the left ventricular wall. In the 
following section, the possible consequences of this circumstance on electro- 
cardiograms derived by direct or indirect leads will be considered. 

TRANSMURAL LESIONS 

Early in the course of our experiments an attempt was made to conceive 
the sequence of electrocardiographic changes which would occur as a lesion was 
extended from the endocardium through the ventricular wall toward an electrode 
on the opposile.epicardial surface. The diagram in Fig. 9 represents the concept 
reached. Tf the lesion initially involved only region a, and then was e.xtended 
gradually to the size of region c, the negativity at the exploring electrode should 
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increase as the boundary of the injured zone advanced toward the surface. If, 
in the acute stage of lesion c, another lesion was produced on the epicardial side 
at d, the resulting positivity at the electrode due to the second lesion should 
cancel the negativity due to the first. The amount of RS-T displacement under 
these final circumstances should be slight. An attempt was made to perform an 
experiment in which such an extending lesion was created. 


Epicardium 



Fig. 9. — Diagrammatic representation, of a lesion extending in stages a, b, and c from the endo- 
cardial toward the epicardial aspect of the heart wall; d, represents an injury to tissue at the epicardial 
aspect of the wall. For discussion, see text. 


Experiment 6 . — A small turtle was prepared in the usual manner. The fili- 
form electrode was introduced into the left ventricular cavity. Electrocardio- 
grams were recorded from the soft-tipped electrode resting on the epicardium of 
the ventral wall of the heart both before and after introduction of the filiform 
electrode into the ventricular cavity. '^Through the filiform electrode the elec- 
trocoagulating current was applied to the endocardial aspect of the ventral wail. 
The strength of the current and the duration of its flow were increased step by 
step. An electrocardiogram was recorded after each application of the current. 

The soft-tipped electrode was then removed from the epicardial wall. 
With another electrode, a burn was made on the surface of the ventricle. This 
lesion overlaid but was smaller than the endocardial burn. The soft-tipped 
electrode was returned to its original position and a final electrocardiogram was 
recorded. 

Post-rnortem examination revealed that the endocardial burn was 7 mm. 
and the epicardial burn 4 mm. in diameter. 

The electrocardiograms recorded in Experiment 6 are reproduced in Fig. 
10. Only in those recorded immediately after the initial endocardial injury does 
t e sequence of changes follow the anticipated course. Slight downward dis- 
placement of the RS-T segment is present in the cuiA^e labeled C in Fig. 10. In 
sequent records, upward displacement of the RS-T segment is present and 
a 1 y increases. In those taken after the production of the epicardial lesion, 
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the RS-T segment does /lot become isoelectric but rises still higher to form 
curves of a monophasic type. 

For this discrepancy between the predicted and the recorded results, there 
is a simple, if initially elusive, explanation. A zone of injured muscle across 
which a gradient of injury exists and from which a current of injury is derived 



Fjg. 10. — All curves e.xcept H were recorded with the electrode at the same point on the exposed 
portion of the ventral wall of the heart. A, Control; B, control after tip of electrode of the electro- 
coagulation unit had been introduced into the ventricular cavity; C, after making initial burn on endo- 
cardial aspect of ventral wall of heart at a point underlying the epicardial electrode; D, after second 
burn; E, after third burn; F, after fourth burn; G, after making small burn on the epicardial surface at 
a point overlying the endocardial burn; and H, epicardial electrode shifted onto uninjured muscle at 
right side of ventral wall of heart. 

Ordinate scale uncertain, but approximately 3 millivolts per centimeter. 



Fig. 11.— Diagrammatic representation of the electric field produced by an injurj- extending through 
the heart wall. ■ This field is similar to one which would be produced if the injured muscle were polarized 
in the sense indicated. An electrode placed at a point adjacent to either the epicardial or endocardial 
aspect of the lesion would lie in a portion of the field where the potential was positive. An electrode 
placed at a point remote from the endocardial aspect of the lesion might lie in a portion of the field where 
the potential was negative. 
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lies just within the boundary between injured and uninjured muscle. In order 
to promote simplicity of description in the discussion which follows, the origin of 
the electric forces derived from an acutely injured muscle will be considered as 
located at this boundary. When an endocardial lesion is produced, a boundary 
of this kind is created, part of which is nearly parallel to the epicardial and endo- 
cardial surfaces, but there is another part which is more or less nearly perpen- 
dicular to these surfaces (Fig. 9). This latter part lies at the periphery of the 
lesion. Its breadth increases as the lesion is made deeper. During the inscrip- 
tion of the RS-T segment, the electric forces generated at this peripherally 
located boundary give rise to positivity at an exploring electrode placed on the 
epicardium at a point adjacent to the center of the lesion. These forces are 
opposed to those associated with the remaining parts of the boundary, which 
are parallel to the epicardial and endocardial surfaces. When the electrocardio- 
grams reproduced in Fig. 10, D were recorded, the opposing forces apparently 
were of equal magnitude and the downward displacement of the RS-T segment 
present in the preceding electrocardiogram had disappeared. In the subsequent 
curves, the forces derived from the lateral aspects of the lesion apparently had 
a greater effect on the potential at the exploring electrode than those originat- 
ing in the part of the boundary that was roughly parallel to the ventricular wall 
involved. With the production of the burn on the epicardium, another boundary 
parallel to the ventricular wall was created. Its orientation was such that the 
resulting forces opposed those associated with that portion of the boundary of 
the endocardial lesion which lay in a parallel plane. As a result, the forces pro- 
duced at the peripheral portion of the boundary of the endocardial lesion gained 
the ascendancy and made the potential at the exploring electrode strongly posi- 
tive. The RS-T segment was displaced upward and monophasic curves were 
recorded. A diagrammatic representation of this final stage is presented in 
Fig. 11. 

Suppose that the distribution of boundaries defined in this diagram is an 
accurate representation of the situation which exists when an acute injury ex- 
tends through the heart wall. Then an electrode placed on the endocardial 
surface of this transmural lesion should lie in a portion of its electric field where 
the potential is almost identical with that existing at an electrode placed on its 
epicardial surface. An experiment was designed to test this conclusion. 

Experiment 7. A large turtle was prepared in the usual manner. A lesion 
involving the endocardium on the left side of the ventricular cavity had been 
produced earlier in the experiment, but the electrocardiographic changes which 
had developed in the acute stage of that lesion had disappeared. The endo- 
cardial electrode was moved to the right side of the ventricular cavity and a set 
of electrocardiograms was recorded from the epicardial and endocardial elec- 
trodes. Through the endocardial electrode, the electrocoagulating current was 
applied in great strength for approximately five seconds. The white face of the 
burned tissue extended to the epicardium over an area 4 ram. in diameter. A 

series o electrocardiograms was recorded under circumstances described in the 
legend of Fig. 12. 
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Post-mortem examination revealed that the burn involved an area 8 mm. 
in diameter on the endocardial aspect of the \Yall of that portion of the ven- 
tricular cavit}^ lying farthest to the right. 



Fig. 12. — In all records wliere there are two curves, the upper one was derived from an electrode 
in the ventricular cavity (En) and the lowerjone from an electrode on the epicardial aspect of the right 
wide of the ventral wall of the heart (Ep). A, Control (ordinate scale: upper curve, 5 millivolts per 
centimeter: lower curve, .3.5 millivolts per centimeter); B, immediately .after production of a burn ex- 
tending from the endocardial to the epicardial aspect of the ventral wall of the heart on the light side, 
electrodes were in contact with the epicardial and endocardial aspects of the lesion (ordinate scale: 
upper curve, 2.5 millivolts per centimeter: lower curve, 3.5 millivolts per centimeter): C, epicardial 
electrode attached to left arm terminal of galvanometer and endocardial electrode to right arm terminal, 
lead selector set on Lead I (ordinate scale: 3.5 millivolts per centimeter); D, connections as in C, 
epicardial electrode moved onto uninjured muscle 8 mm. to left of lesion; E, connections as in C, epi- 
cardial electrode 3 mm. to right of lesion ; F, epicardial electrode returned to site of lesion ; G, pad soaked 
in Ringer’s solution laid over ventral surface of heart, endocardial electrode on lesion and epicardial 
electrode on surface of pad at a point overlying the lesion (ordinate scale; upper curve, 2.5 millivolts 
per centimeter; low’er curve, 1 millivolt per centimeter); H, pad removed from heart, endocardial and 
epicardial electrodes on respective surfaces of lesion (ordinate scale: both curves, 3.5 millivolts per 
centimeter): and 1, connections, disposition of electrodes, and ordinate scales as in C. 


The electrocardiograms recorded in Experiment 7 are reproduced in Fig. 
12. They afford evidence that during inscription of the RS-T segment the 
potential was positive both at the epicardial and at the endocardial surface of 
the transmural lesion relative to the potential at a point remote from the heart. 
Covering the air-exposed portion of the ventral surface of the heart with a pad 
soaked in Ringer’s solution produced certain changes in the electrocardiograms. 
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A reduction occurred in the amplitude of deflections recorded from the electrode 
placed on the surface of the pad at a point overlying the lesion. However, when 
the sensitivity was increased in that circuit in which the epicardial electrode 
was included, the curves recorded were quite similar to those- obtained' when the 
wick of the electrode rested on the surface of the lesion (Fig. 12, G and H). 

The electrode on the epicardial surface of the -lesion was attached to the 
left arm terminal and the electrode on the endocardial surface was attached to 
the right arm terminal of the same circuit. The lead selector switch was set on 
Lead I. The electrocardiograms reproduced in Fig. 12, C were then taken. With 
the connections described, the upward displacement of the RS-T segment in- 
dicates that the potential at the epicardial surface was positive relative to that 
at the endocardial surface. When the same connections were maintained and 
the epicardial electrode was moved off the surface of the lesion and onto unin- 
jured muscle lying either to the right or to the. left of the lesion, the potential 
at the epicardial electrode became negative relative to that at the endocardial 
electrode (Fig. 12, .D and E). 

These findings are compatible with those which would be anticipated if the 
significant electrical boundaries of the transmural lesion were disposed as is 
represented in Fig. 11. The fact that the potential of the epicardial surface of 
the lesion was positive to that of the endocardial surface rather than isopo- 
tential with it does not create a problem of significant proportions. In another 
experiment comparable to the one reported here, a lesion was produced which 
was less intense at the epicardial surface. The potential at the endocardial 
surface was then positive relative to that of the epicardium. The less pro- 
nounced positivity of the potential at the endocardial surface of the lesion in 
Experiment 7 was not the expression of a lesser intensity of injury on that 
aspect of the lesion. It may have been related to the complete desiccation of 
the tissues adjacent to the electrode with resultant alteration of the nature of 
the contact between the electrode and the cardiac surface. 

A lesion extending through the ventricular wall from the epicardial to the 
endocardial surface has certain features in common with an infarct. In an at- 
tempt to define this relation more clearly, additional experiments were under- 
taken in which acute myocardial infarction was produced in dogs. 


MYOCARDIAL INFARCTS 

The chief characteristics of the electrocardiographic changes which com- 
monly follow acute myocardial infarction either in man or in animals are well 
established. The explanation of these changes in terms of the dipole theory has 
been, on the whole, satisfactory and fruitful, but some perplexing problems pre- 
sented by them are still unsolved. The facts indicate that a transmural infarct 
produces upward RS-T displacement in leads in which the exploring electrode 
taces the epicardial aspect of the involved wall. Changes of an inverse type are 

exploring electrode which faces the epicardial aspect of 

fecZ If Thus, in in- 

anterior apical portion of the left ventricle, upward RS-T dis- 
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placement occurs in electrocardiograms derived from an exploring electrode on 
a part of the thoracic wall which overlies the affected muscle. Such infarcts 
also commonly produce changes in the left arm potential, which result in up- 
ward RS-T displacement in leads from this extremity and in Lead I and down- 
ward displacement in Lead III. A unipolar lead from the left leg may show 
downward RS-T displacement. These changes which occur in anterior apical 
infarction are the inverse of those which develop during the acute stage of a 
posterior basal lesion. 

The dilemma created by these findings has been defined by Bayley.2 An 
acute subepicardial injury produces upward RS-T displacement in a lead from 
an exploring electrode which faces the affected portion of the ventricular wall. 
It is assumed that in this same lead an acute subendocardial injury would pro- 
duce downward RS-T displacement. If the infarct is transmural and involves 
both the subepicardial and the subendocardial muscle, how then can the RS-T 
displacement so constantly associated with acute myocardial infarction develop? 
The problem becomes more perplexing if it is demonstrated that an infarct usu- 
ally presents a more extensive surface on its endocardial than on its epicardial 
aspect. In the presence of such a lesion, the sum of the forces produced at the 
endocardial boundary would be greater than the sum of those produced at the 
epicardial boundary. Hence, downward RS-T displacement would be anticipated 
in a lead from an exploring electrode facing the epicardial surface of the infarct. 

In his attempt to solve this problem, Bayley reviewed the studies of Mallory, 
White, and Salcedo-Salgar” and of Karsner and Dwyer^^ -which concern the 
pathologic changes of myocardial infarction, Mallory and associates reported 
that a layer of subendocardial muscle 0.3 to 0.5 mm. in thickness is preserved 
in the infarcted region. Bayley reasoned that if, during the acute stage of myo- 
cardial infarction, the muscle fibers in this subendocardial layer retained the 
physiologic properties of uninjured cells, then a boundary between uninjured 
and injured muscle would persist in the subendocardial zone of the ventricular 
wall. Consequently, the forces contributed to the electric field by the infarct 
would have the same orientation as those produced by a lesion confined to the 
subepicardial myocardium. If a subendocardial muscle layer is invariably pre- 
served over all the infarcted portion of the ventricular wall, the kind of RS-T 
displacement usually observed in cases of coronary occlusion is satisfactorily 
explained. 

In our discussion of lesions extending outward from the endocardial to the 
epicardial surface of the heart of the turtle, an account was given of a discrepancy 
which arose between the electrocardiographic phenomena anticipated and those 
recorded when a transmural lesion was produced. In our experiments the sub- 
endocardial tissues were injured. Such trauma as occurred within the sub- 
epicardial zone was transmitted through the underlying layers of the myocar- 
dium. Upward RS-T displacement was recorded not only in unipolar leads 
from the endocardial surface but also in unipolar leads from the epicardial sur- 
face of transmural lesions. We have suggested that the site of origin of the elec- 
which produced these electrocardiographic effects was the boundary 
between injured and uninjured tissue at the periphery of the lesion. Irre- 



188 


AJIERICAN HEART JOURNAL 


spective of the validity of this hypothesis, the fact remains that an electrode 
placed on the epicardial aspect of an acutely injured region extending com- 
pletely through the heart wall lies at a point in the electric field of that lesion 
where the potential is positive during the inscription of the RS-T segment. 
Preservation of a subendocardial muscle layer is not essential to the production 
of this particular feature of the usual electrocardiographic changes associated 
with acute myocardial infarction. 

Our observations do not prove that a boundary between injured and un- 
injured muscle does not persist in the subendocardial zone of a myocardial in- 
farct. Experiments designed to record the potential variations at the endocar- 
dial surface of an acutely infarcted region offer an approach to this problem 
likely to contribute relevant and significant data. If, at this stage of infarction, 
a layer of subendocardial muscle is preserved in a functional as well as in an 
anatomic sense, an electrode placed on the endocardial surface of the infarct 
would be at a negative potential with respect to an indifferent reference point 
during the RS-T period. If the subendocardial cells are injured so severely that 
no significant gradient of injury exists in this region, then at the endocardial 
surface as at the epicardial surface a relatively positive potential would develop 
at the end of the QRS interval (Fig. 11). 

An experiment designed to record the potential variations at a point on 
or near the endocardial surface of an infarct is readily conceived. Its e.xecution 
is attended by certain difficulties. The usual procedure for recording the po- 
tential within the ventricular cavity entails the introduction of a sharp-tipped 
electrode through the ventricular wall. The position of the tip of such an 
electrode can be estimated by simple measures with reasonable accuracy. 
However, production of an injury with the electrode itself must be avoided if a 
significant record of the potential changes in the cavity is to be obtained. For 
this reason, the tip of the electrode must not be pressed firmly against the endo- 
cardial surface of the infarcted region, but should be placed in proximity to 
that surface. The distance of the electrode from the endocardial surface deter- 
mines its position in the electric field of the injured muscle. If this distance is 
not too great, the electrocardiographic changes recorded should be similar to, 
though of lesser magnitude than, those which would occur if the exploring elec- 
trode were in contact with the inner surface of the lesion. 

Method . — Dogs weighing between 10 and 12 kilograms were used in these 
experiments. Anesthesia was induced with morphine and urethane. The peri- 
cardium was exposed either by splitting the sternum or by resecting the fourth, 
fifth, and sometimes the sixth rib on the left side. The pericardial sac was 
incised and its margins were sutured to the thoracic wall. A major branch of the 
left coronary artery was ligated by passing a suture under the artery and its vena 
comitans. When only temporary occlusion of the artery was desired, a wire was 
included in the ligature and only a single knot was tied. Removal of the wire 
and release of traction on the thread restored the flow of blood. 

In the initial experiments, records were taken with the Sanborn Tribeam 
electrocardiograph. In later experiments the Einthoven galvanometer was used. 
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Because of technical difficulties, satisfactory electrocardiograms were secured 
in only the last five of the nine experiments. The electrode used for obtaining 
recoids from the epicardium was the relatively nonpolarizable soft-tipped device 
already described. A similar electrode was placed in contact with the sub- 
cutaneous tissues of the left hind leg and this served as the reference point for 
this lead when the Einthoven galvanometer was used. The electrode intro- 
duced into the ventricular cavity was of the filiform type described in the ac- 
count of the experiments on turtles. The tip of this electrode was thrust through 
the ventricular wall in a region supplied by the artery to be ligated. Its shaft 
was sutured firmly to some portion of the adjacent thoracic wall. This electrode 
was highly polarizable. Hence it was essential that the resistance of the circuit 
in which it was included should be high. For this reason, the cavity electrode 
was connected to the grid terminal of a vacuum tube amplifier and thus indi- 
rectly to the galvanometer. The indifferent electrode for cavity leads was a 
copper disk 2 cm. in diameter, which was placed in contact with the subcuta- 
neous tissues of the left hind leg. When leads from the electrode on the epi- 
cardial surface to the electrode in the ventricular cavity were used, the former 
electrode was attached to the left arm terminal and the latter to the right arm 
terminal of the galvanometer. The lead selector switch was then set on Lead I. 

Results . — The electrocardiograms reproduced in Figs. 13, 14, and 15 were 
taken with the Einthoven galvanometer. They were obtained in the course of 
an experiment which was not wholly satisfactory in certain respects. In the 
first place, ligation of the anterior descending branch of the left coronary artery 
at a point 2 cm. below the tip of the left auricular appendage did not produce 
pronounced displacement of the RS-T segment either in the lead from the epi- 
cardial or in that from the endocardial side of a part of the ventral ventricular 
wall apparently supplied by this vessel. Only after ligation of the terminal 
branches of the circumflex division of the left coronary artery (Fig. 16) did more 
striking displacement of the RS-T segment develop. Secondly, because the 
region of infarction included only a limited portion of the myocardium at the 
apex of 'the left ventricle, the first electrode introduced into the left ventricular 
cavity did not lie opposite the center of the injured region. A second electrode, 
therefore, was introduced into this cavity at a point more centrally located 
relative to the infarct, but this was done only after the coronary vessels had 
been ligated and the resulting electrocardiographic changes had already de- 
. veloped. 

In other respects the experiment was satisfactory. At the end of it, the 
heart was opened and the tips of both electrodes that had been introduced 
through the ventricular wall were observed to lie within the cavity of the left 
ventricle. The first electrode extended into this cavity a distance of 8 mm. 
and the second, a distance of 4 millimeters. A small thrombus 3 mm. in diam- 
eter had formed around that portion of each electrode which projected beyond 
the inner surface of the ventricular wall. Except at the points of entrance, no 
gross endocardial injury produced by the electrodes could be identified. 




Fig. 13. Ordinate scale: in standard limb leads, 1 millivolt per centimeter; in direct leads from 
ventricular surface or cavity, 20 millivolts per centimeter. 
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Fjg_ i 4 _ — Ordinate scale: 20 millivolts per centimeter. 
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Analysis of the electrocardiograms in Figs. 13, 14, and 15 should not be 
extended to exact quantitative determinations. After, the first of the standard 
limb leads had been taken, the sensitivity of the galvanometer was readjusted 
and it was not altered again throughout the remainder of the experiment. It 
should be recognized, however, that other factors affected the magnitude of the 



1Q2 AMERICAN HEART JOURNAL 

deflections in the electrocardiograms taken. The electrode on the endocardial 
aspect of the lesion probably was not in contact with the ventricular Avail. 
The distance of this electrode from the endocardium may ha\^e varied during the 
contraction of the ventricle and as a result of the rhythmic inflation and de- 
flation of the lungs. The size of the deflections in leads from the epicardial elec- 
trode AA^as reduced AA^henever a small amount of free fluid accumulated about 






1 ig. 15. Ordinate scale; in standard limb leads, 1 millivolt per centimeter; in direct leads from 
ventricular surface or cavity, 20 millivolts per centimeter. 
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the tip of this electrode. Therefore, while the magnitude of the RS-T displace- 
ment in the electrocardiograms of this series is of some interest, we shall em- 
phasize only Its direction, which is of greater significance. 



In Fig. 13, curves 5 to 9, are represented the electrocardiographic changes 
associated with, and sequential to, temporary occlusion of the anterior descend- 
ing branch of the left coronary artery. During this initial procedure the oc- 
clusion was maintained for ninety seconds. Upward displacement of the RS-T 
segment developed in leads from the electrode placed on the epicardium. The 
magnitude of this displacement was not great. In leads from the endocardial 
electrode, the inverted T wave became upright and this change was accom- 
panied by a slight upward shift in the RS-T level. These phenomena appeared 
within thirty seconds after occlusion of the artery and regressed with almost 
equal speed. 

Twenty-four minutes after the first occlusion of the artery, traction was 
again placed on the ligature and was maintained on this occasion for 105 seconds 
(Fig. 13, curves 10 to 16). The changes during this period of ischemia were 
slightly more pronounced in leads from both the epicardial and the endocardial 
electrodes. In other respects, the developments were like those which followed 
the initial occlusion. 

Twenty-four minutes later the ligature was tied permanently (Fig. 14, 
curve 17). The electrocardiographic changes which appeared during the first 
few minutes after this occlusion simulated those occurring in the preliminary 
periods of ischemia. However, after five minutes there was some decrease of 
the upward displacement of the RS-T segment in leads from both the epicardial 
and endocardial electrodes, particularly in the latter (Fig. 14, curve 19). In the 
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jured region; the position of the endocardial electrode was not changed. 

Twenty-nine minutes after the final ligature had been placed on the an- 
terior descending branch of the left coronary artery, the first of the terminal 
branches of the left circumflex artery was occluded (Fig. 14, curve 22). TAvelve 
minutes later, the third and last ligature was placed around one of these branches 
(Fig. 14, curve 23). Fifty minutes after the first permanent occlusion, an elec- 
trode was introduced into the left ventricular cavity at a point near the center 
of the injured myocardium and an electrocardiogram was recorded from this 
lead (Fig. 14, curve 24). Between ninety and 120 minutes after the first perma- 
nent occlusion, the degree of elevation of the RS-T segment was maximal in both 
the epicardial and the cavity leads. It was at this time when the potential at 
two points on the endocardial aspect of the injured muscle was positive during 
inscription of the RS-T segment that the standard limb leads and the unipolar 
extremity leads were recorded. The presence of downward displacement of the 
RS'T segment in the unipolar lead from the left hind leg at a time when cavity 
leads displayed upward RS-T displacement is of particular interest. 

One of the last electrocardiograms in the series (Fig. 15, curve 42) records 
the potential difference between the electrode placed near the center of the 
epicardial aspect of the infarcted tissue and an electrode in the ventricular 
cavity 3 or 4 mm. from the inner surface of the same part of the infarct. The 
upward displacement of the RS-T segment in this lead indicates relative posi- 
tivity of the epicardial electrode at the end of the QRS interval. However, the 
degree of positivity of the epicardial relative to the endocardial electrode was 
less than the degree of positivity of the epicardial electrode relative to an elec- 
trode placed at a point remote from the heart (Fig. 15, curve 43). 

Finally, attention may be directed to one other observation which concerns 
the magnitude rather than the kind of electrocardiographic alterations which 
developed. In many of the curves reproduced in Figs. 13, 14, and 15, electrical 
alternans is present. This phenomenon is most obvious in curs'^e 23 of Fig. 14. 
Examination of these curves reveals that when upward displacement of the 
^^S-T segment was greater in the epicardial electrocardiogram, it was likewise 
greater in the lead from- the endocardial electrode. If the electric forces re- 


sponsible for this displacement arose at a boundary which lay between the epi- 
cardial and endocardial surfaces, greater positivity on one side of the ventricular 
wall should have been accompanied by greater negativity on the other. If, on 
the other hand, the electric forces in question originated at the periphery of the 
lesion, an increase in their magnitude would have a similar effect on the potential 
of both surfaces of the ventricular wall and, therefore, on that of both electrodes. 

The observations presented here illustrate a series of experiments which 
was incomplete. In particular, studies should have been made of the changes of 
potentia vithin the left ventricular cavity following ligation of the circumflex 
rps coronary artery. One attempt to do this was made but the 

' niiTt ^ experiment could not be interpreted precisely because of inade- 
q ate information regarding the position of the endocardial electrode. 
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In summary of the available data on the electrocardiographic effects of 
experimental myocardial infarction, the following statements may be made. In 
experiments on dogs, the artery or arteries supplying the anterior apical portion 
of the left ventricle were ligated and the potential changes within the left ven- 
tricular cavity were recorded. The tip of the exploring electrode was placed 
in this cavity at a point near the center of the injured region of the adjacent 
myocardial wall. During the RS-T interval, the potential at the tip of the cavity 
electrode was positive relative to the potential at an electrode placed at a point 
remote from the heart. This positivity at the endocardial aspect of the lesion 
existed in the presence of changes typical of anterior apical infarction in leads 
from the epicardial surface of the lesion, in the standard limb leads, and in the 
unipolar extremity leads. 

The results of our experiments do not justify the conclusion that the electric 
forces responsible for RS-T displacement in acute mj^ocardial infarction always 
arise at boundaries which define the peripheral limits of the lesion. We may- 
add that the application of concepts derived from experiments in which the 
blood supply of some part of the healthy canine myocardium was suddenly cut 
off to the interpretation of what takes place when the nutrition of the human 
heart is disturbed by thrombosis of one of its sclerotic arteries must alway^s be 
accomplished with due regard for the possibility of error. To assume that the 
results of our experiments can be applied to all cases of mymcardial infarction 
in man would be premature. 

Having accorded these considerations the recognition which they merit, 
we may make the following statements without elaboration of their implications. 
A boundary between injured and uninjured muscle must define all or part of the 
peripheral limits of every'- myocardial infarct. Since the left ventricle is conical 
and since extension of a zone of infarction to its basal border would not produce 
a junction betrveen injured and uninjured muscle in this region, the combined 
areas of the apical and basal boundaries of the infarct may be small in comparison 
with the areas of its other boundaries. In a heart which is not dilated, the area 
of the boundaries at the periphery of the infarct may approach the area of the 
endocardial aspect of the injured tissue. This would be most likely to happen 
during ventricular systole. At this time, the size of the ventricular cavity is 
decreased and the thickness of the ventricular walls is increased. It is during 
systole that the RS-T segment is inscribed. 

SUMMARY AND CONCLUSIONS 

The modifications of the RS-T segment of the ventricular complex produced 
by acute lesions of various types were recorded in a series of experiments on 
turtles and dogs. 

In. experiments on turtles, it was found that when the ventral surface of the 
heart was exposed to air an acute injury involving only the outer layers of the 
exposed ventricular wall produced upward RS-T displacement in unipolar leads 
from the epicardial surface of the affected region but, as a rule, did not produce 
downward RS-T displacement in leads from an adjacent portion of the ven- 
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tricular cavity. Downward RS-T displacement did occur in such cavity leads 
when the ventral epicardial surface was in contact with a conducting medium. 

When a lesion involved the same part of the ventricular wall but was con- 
fined to the subendocardial muscle, layers, the RS-T displacement was upward 
in leads recorded from an adjacent part of the ventricular cavity and in leads 
from the epicardial aspect of the ventricular wall opposite the damaged portion 
of the myocardium. RS-T displacement was downward when the exploring 
electrode was placed on the epicardial aspect of the affected ventricular wall. 

When, in experiments on turtles, a lesion involving both the inner and 
outer layers of the ventricular wall was produced by electrocoagulation, upward 
RS-T displacement was recorded in leads from either the epicardial or the endo- 
cardial aspect of the region of injury. Similarly, when acute myocardial in- 
farction was produced in the anterior apical portion of the canine heart by coro- 
nary ligation, the RS-T displacement Avas upward in leads from a portion of the 
ventricular cavity adjacent to the injured muscle and in curves recorded with 
the electrode on the epicardial surface of the region of infarction. The electric 
forces responsible for upward RS-T displacement on both aspects of these trans- 
mural lesions were attributed to the boundaries between injured and uninjured 
muscle at the peripheral margins of the lesion. 

Muscle juice, probably because of its high potassium content, produces 
maximal RS-T displacement when it is placed on the ventricular surface. 

An attempt has been made to interpret these observations in terms of the 
dipole theory as it applies to the electrocardiographic consequences of acute 
myocardial injuries. 
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THE VARIED CLINICAL SYNDROMES PRODUCED BY 
DISSECTING ANEURYSM 


Samuel Baer, M.D., and Harold L. Goldburgh, M.D. 
Philadelphia, Pa. 

A GENERATION ago when Herrick*-^ and Levine and TranteU first reported 
their fundamental observations in acute thrombosis of the coronary arteries, 
the ante-mortem diagnosis of myocardial infarction was a medical rarity. Today 
myocardial infarction is a medical condition readily recognized by most physi- 
cians. We believe a somewhat analagous situation exists with reference to the 
diagnosis of dissecting aneurysm of the aorta. The various clinical syndromes 
produced by this disturbance are gradually becoming clarified. Physicians are 
not only beginning to recognize the condition in patients who do not survive, 
but are suspecting its presence in patients who have survived the accident and 
recovered. 

Willius and Craggy listed as reasons for the failure to make the diagnosis of 
dissecting aneurysm; (1) The relative infrequency of the condition; (2) the 
absence of a characteristic syndrome; (3) the limitation of special diagnostic 
adjuncts; and (4) universal lack of clinical suspicion. We feel the last of these is 
perhaps the most important. There has been an increase in accurate diagnosis 
during the past decade, but Reich® has stated that "it is only through relentless 
correlation of post-mortem findings with the clinical picture in individual cases, 
that a true clinical consciousness of the disease can be adequately established.” 

In the forty-four cases that are the basis of this report (eleven were diagnosed 
ante mortem), an attempt will be made to emphasize some of the features that 
should enable one to make a clinical diagnosis of dissecting aneurysm. 

CLINICAL features 

Incidence . — Until we learn to recognize recovered cases of dissecting aneu- 
rj'^sm, we will not be able to arrive at an approximation of the true incidence of 
dissecting aneurysm. We have seen at least two cases that we feel are in- 
stances of healed dissecting aneurysm. Weiss and co-workers’ believed that 
one out of ten patients recover, and die of other causes. This was found to be 
the case in two of our cases at necropsy. 

Mote and Carr,® in a five-year study from the coroner’s office in San Fran- 
cisco, found that 1.1 per cent of all cases of sudden death were due to dissecting 
aneurysm . They emphasized that there was a greater incidence in coroners’ 

From the Philadelphia General Hospital and the Jewish Hospital. 

N. J.,Tune *^6 and ?**1M7*^"^**^*^^ Scientific Meeting of the American Heart Association, Atlantic City. 
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offices than hospital records would indicate,' because death might be so sudden 
that hospitalization was not possible. GouIey« has found dissecting aneurysm 
to be one of the commoner causes of sudden death in Philadelphia. He found 
the incidence to be one in every 480 autopsies on patients beyond the age of 20 
years.^'’, Glendy and associates'^ found nineteen cases in 8,200 autopsies at the 
Massachusetts General Hospital over a thirt 3 '^-eight-year period, an incidence of 
one in every 431 autopsies. 

Age and Sex . — Interest in dissecting aneurysm of the aorta was stimulated 
by the.e.xcellent monograph written by Shennan'^ 1933 seventy- 

five instances of dissecting aneurysm collected throughout England to those 
already reported, making a total of 302 proven cases. Over 80 per cent of these 
occurred in subjects over 50 years of age; 65 per cent were in men. A similar 
incidence is found in the forty-four cases we are reporting (Table I). They 
ranged in age from 35 to 82 years, with the majority occurring in the fifth and 
sixth decades. Of the forty-four cases, 67 per cent were in men. This experience 
conforms to the generally accepted opinion concerning the age and sex incidence 
of dissecting aneurysm. However, attention must be paid to the data presented 
by Schnikter and Bayer. In reviewing the literature up to 1943, they were 
impressed with the occurrence of this condition in younger people. In the 580 
cases they accepted as proven cases of dissecting aneurysm gathered from the 
world’s literature, 141, or 24 per cent, occurred in individuals less than 40 years 
of age. Of those cases occurring in women, approximately 50 per cent were 
seen during pregnancy. 


Table I. Age and Sex Incidence of Dissecting Aneurysm 
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Syniptomalology. —Mnny observers®-''-”-^® have published excellent clinical 
descriptions of the symptoms encountered. As a rule the patient is suddenly 
seized with a severe tearing or ripping pain in the chest or precordial area, or upper 
abdomen. Collapse, sudden unconsciousness, or death may then ensue. If 
consciousness is retained, the pain may increase greatly in intensity. It may 
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radiate to the shoulder, back, abdomen, renal area, or groin. The radiation of the 
pain will depend to some extent on the direction of the dissection, and the various 
organs involved. The time relations of the various types of pain may be of help 
in the differential diagnosis of dissecting aneurysm. The pain may be so intense 
that repeated injections of narcotics fail to give relief. In many cases, however, 
there may be no history of pain whatsoever. There have been reported“>‘®’^’-^® 
cases in which pain was absent during the entire course of the illness. In twenty- 
four of our forty-four cases there was no recorded history of pain at any time 
during the patient’s illness (Fig. 1). 

NUMBER 

OF CASES 



PAIN DYSPNEA VOMITING COMA, HEMOPTYSIS 

COLLAPSE 

CONFUSION, PARAESTHESIAS 

DISORIENTATION 


Fig. 1. — Symptomatology in forty-four cases of dissecting aneurysm. 


Dyspnea was also an important symptom. It is understandable why so 
many cases, particularly those occurring in older individuals, with dyspnea and 
without pain are considered cardiac in origin and are not recognized as cases 
of dissecting aneurysm. 

We were impressed with the number of times that neurological disturb- 
ances played a large part in the symptomatolog>L The shock occurring with the 
tearing of the aorta may be so severe that syncope or collapse develops. In 
some cases, the only history obtainable was that the patient was found in coma, 
n other instances agitation, disorientation, convulsive seizures, or bizarre peri- 
P era neurological signs may cause one to look to the cerebrum or spinal cord 
as the primarj’' source of the trouble. 


)3.-\KlJ -AiSD GOJ.DIJUKGH. CLINICAL SYNDHOMES OF DISSECTING ANEUKYSM 2()1 

F/rysica/ Findings.—Tbe physical findings wili vary greatly, depending upon 
the length of time the patient survives, the age of the patient, the preexisting 
cardiovascular disturbance, and the vessels and organs involved in the dissection. 
If the patient suivi\es the initial aortic tear, fever, tachycardia, and tachypnea 
usually develop (Fig. 2). ' 


NUMBER 
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ELEVATION OF 
TEMPERATURE 
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69 % 






67 Vo 



PULMONARY SIGNS 


NEUROLOGICAL ■ ,00/ 

SIGNS , ■ - 


ECCHYMOSIS 


ABSENT PULSE, 
RADIAL 


ABSENT PULSE, 
FEMORAL 


ABDOMINAL 

MASS 


■I 4.5 Vo 
B 2.3 Vo 

Hr Vo 

■ 4.5% 


Fig. 2. — Physical findings in forty-four cases. 



202 


AMERICAN HEART JOURNAL 


Hypertension is frequently present, but the question of the hypertensive 
background of: dissecting aneurysm is still quite controversial. Mote and 
Carr,® Schnikter and Bayer, Hamburger and Ferris,^^ and Rogers^® have all 
stated that there may be no history of hypertension. In the forty cases in which 
a blood pressure was recorded in our series, systolic pressures of 150 mm. Hg or 
more were found in twenty-five instances. Systolic pressures ranged from 70 to 
300 mm. Hg, and in one case the pressure was 130 mm. higher in the right than 
in the left arm. Diastolic pressures ranged from 30 to 130 mm. of mercury. 
A few cases with hypotension developed hypertension before the}' died, but the 
reverse also occurred. It is, of course, quite possible that some patients with low 
or normal pressures on admission had hypertension before aortic rupture occurred. 
There seems no question, however, that some cases, particularly those in younger 
individuals, fail to present evidence of hypertension in the history or physical 
examination or at necropsy. 

Cardiac enlargement, signs of cardiac failure, various cardiac murmurs, 
gallop rhythm, or a pericardial rub may all be found (Table II). It is these 
signs particularly that direct our attention toward the heart, suggesting the 
diagnosis of cardiac failure or myocardial infarction rather than dissecting 
aneurysm. 

One important sign that may be almost pathognomonic of dissecting aneu- 
rysm is the development of the diastolic murmur of aortic regurgitation. Gouley 
and Anderson,!® Resnik and Keefer,®® Hamman and Apperly,®* Zimmerman,®® 
and Wainwright®® have all called attention to this finding, particularly in chronic 
cases. The murmur is apparently due to dilatation or deformity of the aortic 
ring, resulting from the dissection. When sought for diligently, its discovery may 
enable one to make the diagnosis in suspected cases. 


Table II. Cardiac Findings Recorded in Forty-four Cases 


Cardiac enlargement 

8 

Gallop 

2 

Friction rub 

2 

Auricular fibrillation , 

2 

Aortic systolic 

10 

Murmurs Aortic diastolic 

6 

Mitral systolic 

12 

Mitral diastolic 

4 


Signs of cardiac failure, pulmonar}'^ consolidation, or pleural effusion occurred 
in fifteen cases. These signs were usually more marked in the left hemothorax. 
On five occasions bloody pleural fluid was obtained on aspiration. 

Some of the most bizarre findings are those suggestive of neurological 
involvement. Particular attention has been paid to this topic by Niehaus and 
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Wright,^® Rogers,^® and Weisman and Adams.^'* Patchy and bizarre vascular or 
neurological, findings may be obtained with or without pain. These varied signs, 
most marked as a rule in the legs, are due to the circulatory deficiencies resulting 
from involvement of the intercostal, lumbar, or femoral arteries. The dissection 
ma} produce a periarterial sympathectomy. Or involvement of an anterior 
spinal artery may result in a sudden painless paraplegia, Weisman and Adams-'* 
made a detailed study of the neurological findings in thirty-eight cases of dis- 
secting aneur}'sm. The diagnostic accuracy was greatly increased in those cases 
in which the neurological findings predominated. 

Laboratory Findings —Mdiny of the patients did not live long enough for 
detailed laboratory studies to be made. Leucocytosis was a frequent finding, 
with an increase particularly in the polymorphonuclear leucocytes. If the bleed- 
ing (into the aorta, pericardium, or pleura) is extensive enough, severe progressive 
anemia rnay develop in a few hours. The urine may show a trace to a cloud of 
albumin. If dissection has approached or involved the renal arteries, hematuria 
or even uremia may predominate in the symptom complex. 

Electrocardiograms were available for study in twenty-three cases. It is 
difficult to evaluate the changes found. This is particularly so when we realize 
that the major portion of these individuals usually had severe vascular disease 
before their dissecting aneurysm developed. Many previously had had one or 
more myocardial infarctions. It would be expected, therefore, to find abnormal 
electrocardiograms in most of these patients. Changes of the QRS complex, S-T 
segment, and T waves were present in almost all of the tracings. The changes, 
however, were not specific enough to consider the electrocardiogram as diagnostic 
of dissecting aneurysm. In three of our cases, patterns suggestive of acute myo- 
cardial infarction were obtained. At necropsy, myocardial infarcts due to in- 
volvement of the coronary arteries by the aortic dissection were found. A 
number of authors have reported cases in which the electrocardiograms resembled 
those found in acute myocardial infarction, without an infarct being demonstrable 
post mortem. In one of our cases, an electrocardiogram indicative of acute peri- 
carditis, plus a bloody pericardial tap, led to an ante-mortem diagnosis of dissect- 
ing aneurysm. By and large, however, the electrocardiographic changes are non- 
specific and merely indicate the presence of some myocardial or pericardial 
derangement. 

Roentgen examination may also be of some help in the differential diagnosis. 
Wood and associates^''* have described these signs in detail. They consist of de- 
formity of the aortic or supracardiac shadow. This may gradually or rapidly 
increase in size. In Case 9, for example, gradual progressive increase in the size 
of the aorta over a period of one year was the sign which led one of our colleagues 
to. make a diagnosis of dissecting aneurysm of the aorta months before death 
ensued. 

Pathologic Aspects . — Discussion of the various pathologic features under- 
lying dissecting aneurysm of the aorta have been published by Shennan,^- 
Moritz,2® Klotz and Simpson , 2 ’ Schattenberg and Ziskind,^® Leary and Weiss,^® 
and Sailer.^® Readers are referred to these articles for detailed consideration of 
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the pathologic features of dissecting aneurysm. Some authors continue to adhere 
to the theory that rupture begins in the intima at or close to the margin of an 
atheromatous ulcer. The pressure of the column of blood then is supposed to 
carry the dissection into and along the media. Peery^* has described an in- 
complete tear of the aorta that he thought might be the possible precursor of dis- 
secting aneurysm. 

Most observers, however, describe the process somewhat as follows: The 
primary change in the aorta is a cystic degeneration of the media (so-called 
Erdheim’s medionecrosis cystica). The cause of this degeneration is not certain; 
In this type of aorta, there occurs a rupture of one or more medial nutrient vessels 
into one of the cystic spaces, producing a hematoma. The hematoma enlarges, 
splitting the layers of the media, and the intima is then secondarily torn. An 
opening is thus made into which the large aortic column of blood may force 
itself and produce varying degrees of dissection along the medial cpat. The 
dissection, which begins in the ascending aorta in over 70 per cent of the cases, 
may also extend cuspward. Some writers feel that dissection backward toward 
the cusps is responsible for distortion of the aortic ring and the resultant diastolic 
murmur that is such a valuable diagnostic sign. 

An additional pathologic finding that occasionally may be the basis of dissec- 
tion is hypoplasia or coarctation of the aorta. Schnikter and Bayer^® and 
Reifenstein and associates'^ in particular have discussed this. Schnikter and 
Bayer^^ suggested that if dissecting aneurysm occurred in individuals before the 
age of 40 years, there was a Strong probability that hypoplasia or coarctation of 
the aorta would be found at necropsy. They cited Maude Abbott’s statistics, 
in which thirty-three of her 200 cases of coarctation of the aorta died of dissecting 
aneurj'^sm. 

Irrespective of the pathologic basis of the dissection, the length of time that 
the patient survives after the initial catastrophe will determine the further 
clinical and pathologic findings. The shock may be so severe that death is in- 
stantaneous. Or the progress of the dissection may be slower, and the process 
advance along the aorta. If the great vessels arising from the arch are involved, 
cerebral symptoms may predominate; or the dissection may involve the spinal 
arteries, yielding an “anterior spinal artery thrombosis syndrome.” Beyond this 
the gastrointestinal vessels may be involved, and gangrene of the bowel or mesen- 
teric thrombosis ensue. Frequently, one or the other renal artery is involved, 
and hematuria or renal infarction results. In an occasional case the entire ab- 
dominal aorta has been involved, so that at necropsy the basis of a saddle or 
femoral thrombosis with gangrene of the leg was found to be a dissecting aneurysm 
beginning in the thoracic or abdominal aorta. 

If death does not result from shock, the terminal event is most apt to be 
rupture into the pericardium. In other instances, rupture may be into the pleural 
ca\ity, particularly the left. In an occasional case, especially one lasting for 
sometime, death may be due to cardiac failure. As a matter of fact, this was 

the mode of death in almost 50 per cent of the sixty-six cases listed as “chronic 
dissecting aneurysm” by Shennan.^- 
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We miist^noi lose sight of the fact that dissecting aneurysm is not invariably 
fatal. Weiss' felt that one out of ten cases of dissecting aneurysm heal, and that 
“dissecting aneurysm of the aorta may be compatible with good health for many 
years, and death result from other causes.” .A number of cases'-’® have been 
reported in which dissection resulted in a double-barrelled aorta. The patients 
lived long enough to develop deep atheromatous changes in the new aortic wall. 
This occurred in two of our cases. 

DISCUSSION 

As interest in the question of dissecting aneurysm increased, hospital necropsy 
records®"' and individual reports®’-’® of verified cases diagnosed ante-mortem accu- 
mulated. It became apparent that the condition was neither as rare nor as difficult 
to diagnose as it was first considered to be. We have not attempted to com- 
pletely review all the pertinent literature; extensive bibliographies can be found 
in a number of papers. To date there must be almost 650 cases on record, in- 
cluding those reported in this presentation. Whereas, in only six of Shennan’s 
302 cases was the diagnosis suspected before death, with the eleven cases that 
we are including there are reports of at least sixty cases which were diagnosed 
clinically. 

We ha\'e attempted to correlate the various clinical and pathologic studies 
reported with the findings in our cases. Depending on the group of symptoms 
presented, dissecting aneurysms that do not produce sudden death can be divided 
roughly into the following five clinical types. 

Cardiovascular . — This is by far the largest and most important group. 
In nineteen of our forty-four cases, the primary ante-mortem diagnosis referred to 
the cardiovascular system (Table III). They were considered as cases of hyper- 
tensive or arteriosclerotic heart disease, or simply cardiac failure. Acute myo- 
cardial infarction was diagnosed in four cases, and considered as a possibility in 
four of the eleven ca,ses diagnosed correctly. This difficulty in differential 
diagnosis is quite understandable. Hypertension, chest pain, evidence of cardiac 
failure, a pericardial friction rub, or the various physical signs of cardiac involve- 
ment previously referred to all contribute to a diagnosis of hypertension, cardiac 
failure, or acute myocardial infarction. In cases of “chronic dissecting aneurysm,” 
as discussed by Gouley and Anderson’® and Shennan,’* marked cardiac enlarge- 
ment may result. Finally, intractable cardiac failure may occur, and little basis 
remain for venturing a diagnosis of dissecting aneurysm. 

In an occasional case, the clinical picture may closely simulate primary 
iliac or femoral thrombosis and little attention be given to the possibility of an 
underlying thoracic or abdominal dissecting aneurysm. 

Cerebral . — In ten of our cases the final ante-mortem diagnosis was cerebral 
vascular accident. We have already referred to the importance of the cerebral 
and-neurological findings. Particularly is one apt to think of a cerebral accident 
if the patient is admitted in confusion or coma, without a history of antecedent 
pain. The peripheral neurological signs may also focus the attention on the 
cerebrum or spinal cord. 
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Pulmonary . — The pulmonary signs may be marked. A number of cases 
have been diagnosed as pneumonia and given chemotherapy or antibiotics. In 
some patients, thoracentesis was done for suspected cardiac or tuberculous ef- 
fusion. Left hemothorax should always lead to the suspicion of dissecting 
aneurysm. At necropsy, blood was found in one or the other pleural cavity in 
nine of our cases. 


Table III. Primary and Secondary Ante-mortem Diagnoses 


PRIMARY 


SECONDARY ' 


Cerebral accident 

9 



Hypertensive heart disease 

10 

Hypertensive heart disease 

4 

Acute myocardial infarction 

4 

Coronary occlusion 

4 

Arteriosclerotic heart disease 

2 

Arteriosclerosis 

3 

Cardiac failure 

3 



Dissecting aneurysm 

9 

Dissecting aneurj-sm 

2 

Embolism to femoral artery 

1 



Bleeding ulcer 

1 

Bleeding duodenal ulcer 

• 1 

Uremia 

2 



Pneumonia 

1 

Pneumonia 

3 

Carcinoma of esophagus 

1 

1 

i 

Echinoco.ccus cyst of liver 

1 

1 


Abdominal . — Symptoms referable to the gastrointestinal tract may occa- 
sionally be prominent. In 60 per cent of our cases in which pain was a symptom, 
the onset was with pain in the epigastrium. If the dissection has involved some 
of the gastric or mesenteric vessels, hematemesis or melena may lead one to sus- 
pect an intrinsic gastrointestinal lesion. Finklestein and Jacobb* have empha- 
sized that the only symptom in dissecting aneurysm may be abdominal pain 
simulating peptic ulcer. In a number of our cases, tentativ'e diagnoses of bleeding 
ulcer or carcinoma of the esophagus or stomach had been 'considered. The pres- 
ence of an abdominal mass may further obscure the picture. Reich® found that 
21 per cent of his cases had an abdominal tumor, and in one-half of these a diag- 
nosis of abdominal malignancy was made. 

Renal. ^The last and least frequent syndrome is that in which renal symp- 
toms are prominent. Rogers^® and Buckley*® have reported cases in which 
hematuria and back pain have been the outstanding symptoms. If this clinical 

picture IS present, attention may then be directed toward the renal areas rather 
than the aorta. 
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CONCLUSIONS 

cussed pathologic features of dissecting aneurysm are dis- 

2'. Of the fort}'-four cases in the series we are reporting, eleven were diag- 
nosed ante-mortem. • 

3. vSixty-sevcn per cent of the cases were in men, with the great majority 
occurring in the fifth and sixth decades. 

4. Pain in the abdomen or chest is usually a prominent symptom, but no 
history of this was obtained in 55 per cent of our cases. 

5. The sequence of events in the progress and radiation of the pain may be 
of diagnostic importance. 

6. Dyspnea and neurological disturbances are other important symptoms. 

7. I he various ph\Lsical findings are discussed. Emphasis is placed upon 
the diagnostic value^of hemothorax, of the diastolic murmur of aortic regurgita- 
tion, and of the bizarre neurological findings. 

8. The varied features presented by dissecting aneurysm of the aorta allow 
us to divide these cases into five syndromes; cardiovascular, pulmonary, cerebral, 
gastrointestinal, or renal. 

9. An awarene.ss of these syndromes, and a realization that any individual 
case may fall into one or all of these groups, should increase the frequency with 
which dissecting aneurysm is accurately diagnosed prior to necropsy. 

The authors are extremely indebted to the medical chipfs and referring physicians of Phila- 
delphia General Hospital and Jewish Hospital for permission to include their cases in this study. 


ADDENDU-M 

The following arc brief summaries of eleven of our fourty-four cases which were diagnosed 
clinically. 

Case 4. — M. R., a physician 00 years of age, was admitted to the service of Dr. Mitchell 
Bernstein at Jewish Hospital on July 5, 1938, in a state of coma. The only history obtainable 
was the sudden development of unconsciousness. Examination revealed a temperature of 99° 
F., a pulse rate of 110, respirations of 40 per minute, and a blood pressure of 190/110. There 
was an obvious right hemiplegia and a systolic apical bruit. Death occurred in a few hours. 
Though the most likely diagnosis was that of hypertensive disease with a left cerebral thrombosis, 
the diagnosis of dissecting aneurysm was also made. This was confirmed at necropsy. 

Diagnosis in this case depended upon a high degree of clinical suspicion. The suggestive 
findings were the sudden collapse, coma, and right hemiplegia. The average case with such 
a paucity of findings will probably escape recognition. 

Case 6. — D. AT, 74 years of age, was admitted to the medical service of Dr. Harold Gold- 
burgh, Jewish Hospital, on April 13, 1939. The patient had had mild effort angina and syncope 
for ten years. Two da 3 's prior to admission he experienced sudden severe bilateral lumbar pain. 
This was promptly followed by collapse. When admitted, the patient was pale and restless: 
the temperature was 101.3° F., the pulse rate, 120; respirations, 25 per minute; and blood pressure 
90/60. There was a palpable mass in the left inguinal region, and a large ecchymosis over the 
left lumbar area. Leucocytosis, severe anemia, and elevation of the blood urea nitrogen were 
present. A number of red blood cells were found in the urine. The picture (proven at necropsy) 
seemed typical of ruptured dissecting aneurysm of the abdominal aorta. 
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I^'Iany of the classic signs are presented in this case. The severe lumbar pain followed by 
collapse, the elevated temperature, pulse, and respirations, the abdominal mass, the large left 
lumbar ecchymosis, and the hematuria were all typical of dissecting aneurysm. 

Case 8. — J. D., 58 years of age, was readmitted to the medical service of Dr. Harold Gold- 
burgh at Jewish Hospital on November 26, 1940. He had been seen in the cardiac clinic for four 
years, and had experienced a severe myocardial infarction in 1939. While attending the cardiac 
clinic on the day of admission, he was seized with severe pain in the epigastrium. He broke into 
a profuse sweat and became dyspneic. On admission, the patient was obviously quite ill. Cyan- 
osis, hypertension, cardiac enlargement, and cardiac failure were found. The femoral pulses 
were obviously unequal. Fever, tachycardia, tachypnea, and anemia developed. In view of 
his previous myocardial infarction, the diagnosis of acute myocardial infarction seemed likeh\ 
However, enough variations from the expected picture of myocardial infarction were present to 
support a tentative diagnosis of dissecting aneurysm. Death occurred four days after admis- 
sion. At necropy, inactive mitral rheumatic involvement was found, and a number of healed 
infarcts in the left ventricle. Death was due to a dissecting aneurysm which began in the ab- 
dominal aorta and involved* both iliac arteries. 

At first glance this was considered an acute myocardial infarction. ^However, the epigastric 
pain, the unequal femoral pulses, and the progressive anemia suggested an acute dissecting 
aneurj’sm. 

Case 9. — B. K., a 65-year-old physician, was admitted to the medical service of Dr. A. 
Margolies at Jewish Hospital on May 19, 1941. He had been a known hypertensive for a number 
of years and had previously recovered from a posterior myocardial infarction. In the summer 
of 1940, while on vacation, he experienced an attack of chest pain that was considered to be due 
to acute myocardial infarction, though the electrocardiograms did not confirm this diagnosis. 
When he returned to Philadelphia, orthodiagraphy revealed progressive increase in the size of 
the aorta. Hematemesis occurred, and a gastroenterologist who saw the patient felt that cirrhosis 
of the liver with esophageal varices was present. Dyspnea and cough increased, the hematemesis 
became more marked, and the aortic dilatation increased. Following a profuse hemorrhage, he 
was admitted to the hospital with a diagnosis of aneur\'sm of the aorta, with dissection and erosion 
into the esophagus. Death occurred in two days. Autopsy revealed a large dissecting aneurj’sm 
of the arch that had eroded into the esophagus, and two small saccular aneurysms of the thoracic 
aorta. 

This case was diagnosed nine months before death. The progressive dilatation of the aorta 
following an episode of chest pain was demonstrated by orthodiagraphy. The erosion into the 
esophagus, cough, and hematemesis were valuable contributor^^ findings. 

Case 15. — S. L., 53 years of age, was admitted to the medical wards of Philadelphia General 
Hospital on December 7, 1936. She had had two or three previous hemiplegias. The daj' prior 
to admission she experienced severe pain in the abdomen and back and, when admitted, was 
confused and semistuporous. Because of the confusion, the severe hypertension, the increase in 
temperature, pulse, and respiration, the elevated blood urea nitrogen, and the presence of red 
blood cells in the urine, a tentative diagnosis of dissecting aneury'sm was made and confirmed at 
necropsy five days later. 

The picture was fairly characteristic. The severe pain in the back and abdomen, mental 
confusion, increased temperature, pulse, and respiration rates, and hematuria were the diagnostic 
guide posts. 

years of age, was admitted to Philadelphia General Hospital, service of 
r. Calteter, on June 23, 1937. Two days prior to admission he had experienced sudden severe 
epigastric pam that apparently did not respond to narcotics. It began to travel down the left 
-1 e to t e ack and lower ribs. Dyspnea developed and became severe. On admission, the 
cmperature was 100° F.; pulse rate, 120; respiration, 25 per minute; and the blood pressure, 132/98. 
nrVT T'' a mitral systolic murmur were found. A pericardial friction rub was 

, an tee ectrocardiogram was reported as diagnostic of pericarditis. Upon thoracentesis, 
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blood was obtained from the pleural and pericardial cavities. A diagnosis of dissecting aneurysm 
of the aorta with rupture into the pericardium was made by Dr. S. Bellet. The patient lived 
for five weeks; necropsy confirmed the clinical diagnosis. 

The diagnosis here depended on severe migratory epigastric pain that did not respond to 
narcotics, a pericardial friction rub with an electrocardiogram diagnostic of pericarditis, and the 
aspiration of blood from the pleural and pericardial cavities. 

Case 19.— S. L., 46 years of age, was admitted to the service of Dr. H. Jump at Philadelphia 
General Hospital on May 12, 1940. He had had severe hypertension for many years. On the 
day of admission, he developed severe abdominal pain and vomiting. Dyspnea was also present. 
On admission, the temperature was 100° F.; pulse rate, 120; respiration, 25 per minute; and blood 
pressure, 270/130. The left leg was definitely cooler than the right. A leucocytosis of 13,000 
increased to 53,000 in twenty-four hours. A diagnosis of dissecting aneurysm was made. At 
necropsy, the dissection was found to extend from the arch of the aorta down to the bifurcation, 
involving both renal arteries and partially obstructing the left iliac artery. 

In this patient, the suggestive findings were the severe abdominal pain associated with dysp- 
nea, the immediate increase in temperature, pulse, and respiration rates, the several leucocytosis, 
and the marked decrease in the temperature of the left leg as compared to the right. 

Case 20. — H. F., 45 years of age, was admitted to the neurological service of Dr. A. Ornsteen 
at Philadelphia General Hospital on July 8, 1940. On admission, the patient was confused and 
no adequate historj^ could be obtained. Hypertension was present, and there was paralysis of 
the left leg and paresis of the left arm. A diagnosis of cerebral malacia due to dissecting aneurysm 
was made and confirmed at necropsy ten days after admission. 

The diagnosis of dissecting aneurysm was made in this case because of the confusion and the 
atypical neurological findings. 

Case 21. — D. M., 52 years of age, was admitted to the medical service of Dr. D. Kramen 
Philadelphia General Hospital, on May 17, 1940. On the day of admission he had suddenly 
become dizzy, experienced a choking sensation, and collapsed. He was semiconscious upon ad- 
mission. Temperature, pulse, respiration, and blood pressure were all normal. The electro- 
cardiogram suggested a possible posterior myocardial infarction. Because of the history and the 
presence of systolic and diastolic murmurs at the aortic area, a diagnosis of dissecting aneurysm 
of the aorta was considered. Death occurred in two days. The diagnosis was confirmed at necropsy. 

Collapse and semiconsciousness together with the presence of systolic and diastolic murmurs 
at the aortic area were the basis for the diagnosis. 

Case 30. — M. D., 50 years of age, was admitted to Dr. D. Kramer’s medical service at Phila- 
delphia General Hospital on November 8, 1941. She had had hypertension for a number of 
years. For two weeks prior to admission she had complained of pain in the substernal area, 
cough, and dyspnea. The pain radiated to the shoulder blades. On admission, the temperature 
was 100° F.; pulse rate, 130; respirations 45 per minute; and blood pressure 300/180. There 
was flatness in the left chest; repeated thoracentesis always yielded bloody fluid. A systolic 
aortic murmur was heard, the murmur apparently continuously changing in character. Gradu- 
ally the pain shifted from the interscapular area to the left chest and abdomen. None of the 
repeated electrocardiograms were diagnostic of mj'ocardial infarction. The patient lived for 
two months, and at necropsy, the diagnosis of dissecting aneurysm with rupture into the peri- 
cardium and left pleural cavity was confirmed. 

The important findings in this patient were the migrating chest and interscapular pain, the 
changing systolic murmur, and the recurrent left hemothorax. 

Case 40. — F. S., 57 years of age, was admitted to the medical service of Dr. S. Loewenberg, 
Philadelphia General Hospital, on November 7, 1945. His history prior to admission was inter- 
esting. He had had hypertension for years. Six months previous to admission there developed 
a gradual paresis of the left leg. This improved, but two months later he suddenly collapsed. 
His legs were unable to bear his weight. After a few days, their strength partially returned, but 
a cane was needed for support. On the day of admission, he suddenly collapsed, lost the use of 
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both legs, and complained of dyspnea. The temperature was 100° F.; pulse rate, 110 per minute; 
respirations, 36; and blood pressure. 270/130. The heart was enlarged and mild cardiac failure 
was present. The patient seemed to be slowly regaining the use of his legs, but. death from 
respiratory failure occurred suddenly three days after admission. A diagnosis was made of throm- 
bosis of the anterior spinal artery, possibly due to dissecting aneurysm. At necropsy, the dis- 
section was found to extend to the renal artery on the left, with some involvement of the anterior 
spinal artery at that level. 

The importance of the bizarre neurological changes as a basis for the diagnosis of dissecting 
aneurysm are well exemplified in this case. 
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CHANGES IN THE CORONARY ARTERIES OF THE DOG FOLLOWING 

INJECTIONS OF ALLYLAMINE 


L. L. Waters, M.D. 

New Haven, Conn. 

N ecrosis of the walls of arteries may occur as a part of general necrosis of 
tissue. It occurs more selectively in typhoid fever, typhus, tuberculosis, 
rheumatic fever, periarteritis nodosa, lupus erythematosus, serum sickness, and 
other conditions. Necrotizing arteritis is a prominent' feature of malignant 
nephrosclerosis. The basic morphologic change in the arterial wall is fibrinoid 
necrosis of the media accompanied by more or less cellular exudate involving 
the vessel wall and often the periadventitial tissues. This exudate may vary 
in the type of constituent cell. Thrombi may complicate the picture. 

Changes of a similar character have been produced in the experimental 
animal by several procedures. These include, among others, renal ischemia in 
dogs,'’^ sensitization of rabbits by the injection of horse serum,® and unilateral 
nephrectomy in rats combined with injections of desoxycorticosterone.^ Sub- 
cutaneous injections of trypsin,® besides digesting tissues locally, has led to seg- 
mental necrosis of artery walls. 

The necrotizing vascular lesions which follow bilateral renal artery ligation 
in the dog seem to be associated in part Avith the presence within the body of 
ischemic kidney tissue.® With this fact in mind, the literature was searched to 
see if any derivative of tissue breakdown was known to result in such lesions 
when injected into animals. The report of Mellon and associates^ was of par- 
ticular interest. These investigators reported the production of acute arterial 
lesions locally in rabbits that had been injected intradermally with Ioav concen- 
trations of a buffered unsaturated aliphatic amine, allylamine: CHi = CH — 
CHo - NHs. 

Mellon and associates had become interested in this substance through the 
work of Eppinger and co-workers.® Eppinger had identified allylamine as a 
toxic substance in the tissues of animals dying of experimental paratyphoid 
infections, and had shown that pure solutions injected intravenously paused 
great increase in capillary permeability and marked edema of blood vessel walls. 


From tho Laboratories of Pathology, Yale University School of Medicine. 

Navy ^ ^ supported by a grant from the Office of Research and Invention, United States 

fully’^ac^Sdged!''^''^^' assistance of Edn-ard lannucci, Peter Integlia, and Helen Criscuolois grate- 

N. J., Scientific Meeting of the American Heart Association, Atlantic City, 


212 



waters: coronary arteries of dog following allylamine 213 

of the heart valves, and of the gastric and duodenal mucosa. These observations 
seemed to W'arrant further investigation. 

The w^ork herein reported presents the results of injections of allylamine and 
of related substances intravenously in dogs together wnth the results of a few 
intrapericardial injections of the same materials, 

methods 

Allylamine is a strong base. For injection it was prepared as a 1 per cent 
aqueous solution neutralized with, hydrochloric acid and buffered to pH 7.4, 
Fifteen milligrams per kilogram of body 'weight of the base were injected initially. 
At this level, severe immediate reactions were avoided. N-propyl amine, used 
as a control for the allylamine, was prepared in the same way and was injected 
in the same doses. Allyl alcohol and other nonbasic homologs \vere injected as 
I per cent aqueous solutions at pH 7.4, at the same dosage levels. 

The intrapericardial injections W'^ere made under direct vision through a chest 
incision, utilizing nembutal anesthesia and positive pressure respiration. Ten 
cubic centimeters of the sterile buffered solution \Yas placed in the pericardial sac 
through a small needle. 

Following an intravenous injection of 15 mg. per kilogram of allylamine, 
there is no immediate reaction. Within a few minutes the dog usually becomes 
restless and may vomit and defecate. These signs continue for some minutes, 
then disappear. The majority of dogs survive 20 mg. per kilogram as an initial 
dose, but may become wdldly excited for fifteen or twenty minutes. With this 
dose some die wdthin twelve to twenty-four hours. With higher doses severe 
reactions are common and within a fe\v hours the animals become prostrated 
•^vith a falling blood pressure and a remarkably increased hematocrit. Death 
occurs in stupor. In dogs, even lethal doses have no immediate effect on the 
systemic blood pressure. In rabbits, very large doses of the amine injected intra- 
venously lead to marked pupillary constriction after some minutes. 

The majority of dogs in the present experiment \vere given tw^ or more 
doses of the amine, as it -^vas found that the changes occurring in the cardio- 
vascular system increased and became progressive with repeated injections. 
The usual procedure was to give an initial dose of 15 mg. per kilogram and to 
follow it with a similar dose twenty-four to forty-eight hours later. Further 
injections might be given at intervals of twm or three days, depending on the 
condition of the animal and the purpose of the experiment. It was found after 
the first few injections that most dogs would tolerate injections of 20 mg. per 
kilogram every three to five days. In the chronic experiments the animals were 
watched carefully and were rested, if necessary, at any stage before continuing 
injections. In spite of these precautions unexpected deaths in the series have 
occurred. 

Although some acute changes in the cardiovascular system were observed 
in animals dying in the first twenty-four hours following a single injection of 
allylamine, these changes were best seen in animals three or four days after the 
last of two or three injections given as indicated. More chronic, progressive 
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changes, as well as acute lesions, have been found in animals surviving longer 
periods and given repeated doses. 

In all, the tissues of about fifty dogs have been examined. The formalin 
fixed sections have been stained with Masson’s trichrome method, hematoxylin 
and eosin, Weigert’s elastic tissue stain, and Sudan IV. 


RESULTS 

The changes following intravenous injections of allylamine involve par- 
ticularly the medium-sized and smaller muscular coronary arteries, the arteries 
of the retroperitoneal mesenteric fat, the peripheral body fat itself, and, to a 
lesser extent, the myocardium, the kidneys, and the liver. 

Changes Following a Single Lethal Dose. — In animals dying six to twenty- 
four hours after a lethal dose, there is little to be seen grossly or microscopically 
except for large zones of extravasated fluid in the retroperitoneal and epicardial 
fat. Occasionally, massive hemorrhages may be found in these regions as well. 
While the majority of the blood vessels at this interval are not strikingly altered, 
a few in the epicardial fat have clear, swollen medial cells, and an occasional 
epicardial vessel with a fused, fuchsinophilic, edematous media has been ob- 
served. Accompanying cellular exudate has been present. There may be cloudy 
swelling and interstitial edema of the liver and kidneys. These changes have been 
noted at this interval only after large, rapidly fatal, intravenous injections. 

Acute Changes Following Repeated Intravenous Injections. — Survival for 
three to four days after two or three injections of allylamine, 15 mg. per kilo- 
gram, is associate^ with striking changes in the blood vessels and adipose tissue. 
Grossly, there are petechial and confluent hemorrhages in the epicardial fat. The 
fat itself is indurated and discolored. Similar changes are present in the mesen- 
tery. 

Microscopically, the medium-sized and smaller muscular coronary arteries, 
both superficial and penetrating branches, are the seat of an intense acute necro- 
tizing process (Figs. 1 and 3). Many vessels are involved, the changes varying 
in stage and intensity. Segments of the medial smooth muscle are fused into 
amorphous, brightly acidophilic masses. Numbers of extravasated red blood 
cells may be present in the media or adventitia, or both. Polymorphonuclear 
leucocytes and large mononuclear cells may be present in the necrotic media 
and in the surrounding adventitia, but thej' may be few in number or be entirely 
absent. The perivascular exudate may be composed solely of mononuclear cells. 
No esosinophilic leucocytes have been encountered in the lesions studied. While 
the internal elastic membrane usually remains intact, it may be thin, swollen, 
or frayed. There is very little other elastic tissue in vessels of this size in the dog’s 
heart. In vessels in which the medial changes are more advanced, no remnant 
o the smooth muscle fibers can be identified. The medial segment appears 
s irunken and is composed of a homogeneous ground substance that takes a light 
green stain with Masson’s method. 




1- Fig. 2. 


' Fig. 1. — ;Dog. Coronary artery four days after two intravenous injections of ailylaraine. Fibri- 
noid necrosis of media. Lack of pcriadvontitial and advential inflammation, x 105. 

Fig, 2. — Dog. Arterioles in mesenteric fat four days after three intravenous injections of allyla- 
mine. Acute necrotizing arteritis. Perivascular cellular e.Kudate. Hemorrliage and exudate in fat. x 75, 



Fig. 3. . - Fig. 4. 

Fig. 3 . — bog. Coronary artery, penetrating branch, of left ventricle four days after two intra- 
venous injections of allylamiue. Periadventitial cellular exudate. Fibrinoid necrosis of and hemor- 
rhage in media, x 80. ' ' . . 

Fig. 4.— Dog. Coronary artery four days after two intravenous injections of allylamine. Peri- 
arteritis. Srhall area of fibrinoid necrosis of media. Elevation of endothelium, x 120. 
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The intima of the muscular coronary arteries of the dog consists of the endo- 
thelium lying directly on the internal elastic membrane. In severely damaged 
vessels, a segment or the whole circumference of this endothelium is raised from 
the underlying elastic membrane and fluid and mononuclear cells appear in the 
thus created subendothelial space (Figs. 4 and 5). Thrombi have only occa- 
sionally been observed in the lumina of the involved coronary vessels. The 
detached endothelium with its underlying fluid and cells may extend far into the 
lumen of the vessel. 



Fig. 5. Dog. Coronary artery five days after three intravenous injections of allyiamine. Intense 
periarterial exudate. Fibrinoid necrosis of media. Ele^'ation of endothelium. Subendothelial space 
fllled by a mosaic of large clear mononuclear cells. Erythrocytes in reduced lumen, x 200. 

Hemorrhage into the vessel walls, even in the smallest arteries, is prominent 
and appears to arise from the vasa vasorum in the adventitia and outer media. 
The red blood cells may be found throughout the media and even in the sub- 
endothelial space formed by the elevation of the endothelium. 

Acute alterations in the mesenteric arterioles and in fat elsewhere in the 
retroperitoneal region are similar to those in the coronary arterioles, altliough 
the number of vessels involved is usually less (Fig. 2). No vascular changes of a 
simi ar nature have been seen after allyiamine injections in the kidneys, liver, 
gastrointestinal tract, or other viscera. 
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Extravasated duid in the depot fat has been described as an early finding- 
after large single injections of allylamine. This exudate is seen in animals also 
after smaller repeated doses devised to allow longer survival. In these dogs there 
is precipitation of a fibrillar substance, probably fibrin, in the fluid as well, and 
there may be focal or diffuse cellular reaction. Necrosis of fat is not prominent, 
but probably occurs. Focal hemorrhages are numerous. Vessel changes in the 
epicardial fat seem to develop simultaneously with those in the fat itself. Very 
early many of the capillaries appear to contain hyaline thrombi, but it is difficult 
to ascertain whether or not the changed appearance of these vessels is due to a 
luminal mass or to an altered condition of the wall. 

Cloudy swelling and interstitial edema may be present in the kidney and 
liver. There may be, in some animals, fatty change in the renal tubules. In no 
instance has this led to nitrogen retention. Small, focal myocardial necroses are 
present in many animals. Occasionally, these are extensive. 


Changes in Animals Repeatedly Injected and Allowed to Survive Six Weeks or 
Longer. — In animals repeatedly injected and allowed to survive a longer period 
of time, a progression of the changes already described occurs. Additional coro- 
nary vessels of the same caliber are involved in the acute necrotizing process. 
The medial coats of those involved early are now composed entirely of fibrous 
connective tissue. Fresh hemorrhages may be present, however, in the altered 
media. In many vessels striking changes have occurred in the intima. The 
undifferentiated mononuclear cells that accumulate beneath the endothelium are 
transformed into masses of connective tissue with newly formed blood vessels. 



,rig. G. Fig. 7. 

I.’ijr (j. Dog. Coronary artery after si.x weeks of a course of twelve intravenous injections of 

allylamine. No acute inflammatory changes. Fibrosis of media. Fibrous proliferation of intima 
with reduction of lumen and a now vascular channel. Note the internal elastic membrane, x 320. 

pjg_ 7 -Dog. Coronary artery after six iveoks of a course of fifteen intravenous injections of 

allylamine. Thin fibrous media. Massive intimal proliferation with new blood vessel formation. 
Hemorrhage in media and intima. Original lumen of vessel reduced to a central slit, x 140. 
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This granulomatous endarteritic process may seriously encroach on the lumina 
of the vessels. Thrombi are usually not present. There may be massive hemor- 
rhages into the thickened, intimal tissue. Fat stains of such vessels so far have 
revealed lipoidal substances only in areas of hemorrhage. Twelve to fifteen 
injections over a period of six weeks resulted in the changes described (Figs. 6 
and, 7). Lesions were not equally developed in every animal. There is a large 
individual variation. 

Chronic changes in the body fat consist in a progressive fibrosis with some 
giant cell reaction. Hemorrhagic areas become organized. A few arterioles 
may be found with greatly thickened fibrous walls, and reduced lumina. 

Fatty livers have been observed regularly in dogs kept on allylamine injec- 
tions for six weeks or longer. In this connection it should be mentioned that 
unless rest periods are .given, the dogs eat very little and lose weight rapidly. 
If the drug is discontinued, they resume eating and appear normal. 

Changes Following Intrapericardial Injections of Allylamine. — In order to 
see if the coronary arteries would be injured locally by allylamine, 10 c.c. of the 
neutralized 1 per cent solution was injected directly into the pericardial sacs of a 
series of normal dogs (Figs. 8, 9, and 10). After twenty-four hours, there were 
gross hemorrhages and induration of the epicardial fat. Dogs examined after 
four days revealed the most extensive necrotizing and endarteritic changes in 
the muscular coronary arteries. These changes are qualitatively like those 
following intravenous injection. Invariably, however, the segment of the vessel 
nearest the epicardial surface was most intensely involved. The fibrinoid change 
tended to occur first in the outer layers of the media, and there was much more 
periarterial cellular exudate. 

The arterioles of the parietal pericardium are also involved. There is a 
mild fibrinous pericarditis, with changes in the subepicardial fat similar to those 
occurring after intravenous injection. No lesions were found elsewhere in the 
body. The more chronic changes occurring in the coronary vessels following 
repeated intrapericardial injections of allylamine are being investigated. 

Chatiges Following Bilateral Nephrectomy and Injections of Allylamine . — 
Acute necrotizing arteritis of the coronary arteries and of the arterioles of the 
mesenteric fat were found in three bilaterally nephrectomized dogs injected with 
allylamine. 

Control Groups. — Control groups of dogs have been given intravenous injec- 
tions of n-propyl amine, allyl alcohol, allyl formate, allyl thiourea, and allyl 
chloride according to the same dosage plan and in equal gram-per-kilogram doses. 
N-propyl amine and allyl alcohol have been injected intrapericardially. The 
animals have been studied three to four days after the last injection. Comparable 
vascular lesions have not been found. One necrotic arteriole in the liA'^er of a dog 
rec^mng allyl formate intravenously was observed. This liver was the seat of 
wi espread parenchymatous necrosis. Edema of the submucosal gastric vessels, 
but no necrosis, was observed after intravenous injections of allyl alcohol. These 
ascu ar c anges formed part of the massive hemorrhagic edema of the stomach 
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that was regularly observed following intravenous injections of allyl alcohol. 
This lesion, first described by Eppinger, will be the subject of a subsequent report. 

Injections of allylamine into a few rabbits and rats -has led to the preliminary 
conclusion that these species do not regularly develop, at these dose levels, the 
vascular lesions described. Changes in the body fat similar to those in the dog 
have been observed. 

DISCUSSION 

Injection of allylamine in dogs affords a relatively simple, concrete starting 
point for a study of the pathogenesis and fate of arterial lesions that are basically 
like those occurring in certain diseases of man. Time and further experimenta- 
tion will be required to evaluate the effect of the progressive changes in the coro- 
nary arteries on the total phj^siology of the heart. Much further experimentation, 
some of which is now in progress, will be needed to ascertain what role, if any, 
volatile unsaturated amines or related substances play in the etiology and patho- 
genesis of diseases in man or in the experimental animal. Finally, in allylamine, a 
tool is provided for the investigation of the relationship, if any, of acute vascular 
disease to the more common chronic forms of disease of the arterial wall. 

SUMMARY 

Preliminary report of the pathologic changes occurring in dogs after single 
and repeated injections of allylamine and related substances has been made. 
The progressive morphologic changes occurring in the coronary arteries and in 
the body fat have been described in some detail. The similarity of the vascular 
lesions to those occurring in certain diseases of man has been pointed out and 
plans for further study indicated. 
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THE EFFECT OF LOCAL COMPRESSION UPON BLOOD FLOW IN 

THE EXTREMITIES OF MAN 


Meykr H. Halperin, M.D., Carl K. Friedland, jM.D., and Robert W. 

Wilkins, M.D. 

Boston, Mass. 

'"T^HE question as to whether the circulation in the limbs is significantly re- 
A duced by the application of moderate local pressure is of interest not only 
to specialists in peripheral vascular disease, but also to surgeons, orthopedists, 
and others concerned with the application of constricting apparatus on the limbs. 
This is because of the recent recognition of the fact that warmth and health of 
the extremities depend directly upon the adequacy of their circulation, and only 
indirectly upon tiie abundance of insulation around them. A great deal of at- 
tention, therefore, has been paid by the Armed SerHces, for example, to the 
circulator}' effects of constricting clothes, gloves, and shoes, ^ especially in cold 
environments where they have been found to be of importance in the incidence 
of frostbite and of immersion or trench foot. 

Previous studies in this laboratory* have demonstrated a reduction in blood 
flow to the extremities during elevations of venous pressure produced by in- 
fiating pneumatic cuffs on the proximal portion of the limbs. The present study 
was undertaken to determine the effects of mild to moderate external com- 
pression, uniformly applied to different parts of normal extremities, upon the 
local blood flow. Three methods previously found valid for estimating blood 
flow in the extremities under such conditions were used: (1) thermometric, 
(2) blood gasometric, and (3) plethysmographic. 

METHODS and RESULTS 

-Thermonietric Method . — -The temperature of the skin provides an index of 
circulatory changes in the skin when the environmental temperature is main- 
tained at a relatively constant level, lower than body temperature. Such meas- 
urements are simple and easy to make, but have the disadvantages of being 
difficult to quantitate in terms of volume of blood flow, and of having too much 
Jag to allow the detection of fleeting circulatory changes. 

In the present experiments, copper-constantan thermocouples were at- 
tached to at least two corresponding finger pads of each hand. The hands were 
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sealed in airtight plethysmographs,^ out of which the thermocouple wires were 
led to a galvanometer through a selector switch. A centigrade mercurj^ ther- 
mometer was inserted into each plethysmograph for the measurement of air 
temperature within the apparatus. Every three to five minutes, galvanometer 
readings were made, accurate to 0.1° C., measuring the temperatures of the 
seveial finger pads in rapid succession; the plethysmograph temperatures were 
also recorded. 

The subjects lay in an air-conditioned room, and were comfortably warmed 
with blankets and heating pads so as to produce mild peripheral vasodilatation. 
After a control period of ten to twenty minutes the air pressure within one of 
the plethysmographs was increased to 20 or 30 mm. Hg above atmospheric by 
connecting it through a valve to a large bottle containing air at the desired 
pressure. The opposite plethysmograph was kept at atmospheric pressure for 
control observations. After ten to sixty minutes of pressure, the plethysmograph 
was deflated and another period was allowed for control conditions to be resumed. 
Then, either the same hand was exposed to a different pressure, or was utilized 
as the control while pressure was applied to the opposite hand. 

The resulvS of a typical experiment are illustrated in Fig. 1. The tempera- 
tures of the fourth finger of the right hand (RF4) and of the corresponding 
finger of the left hand (LF 4) are graphed during the application and removal of 
the indicated pressures. In addition to the changes in skin temperature pro- 
duced by local pressure, there occurred spontaneous variations due to vasomotor 
activity in the fingers which tended to be similar on the two sides. In order to 
lessen the confusion introduced by these spontaneous changes, the difference 
in temperature between the right and left fourth fingers is plotted at the bottom 
of the figure, with increasing positive values denoting an increase in the tem- 
perature of the right side relative to that of the left. The graph shows that when 
20 mm. Hg pressure was applied to the right hand, no clear-cut effect was ob- 
served except for similar spontaneous fluctuations on both sides. The same 
pressure applied to the left hand caused the temperature on that side to drop 
perceptibly, thus producing a rise of the difference curve. The subsequent 
application of 30 mm. Hg pressure on each side, in turn, was followed by a 
rather large decrease in relative temperature of that respective side. 

Similar tests were carried out on five subjects, all with normal peripheral 
circulation. Uniformly, when positive pressure on the hands produced any effect, 
it caused a decrease in skin temperature as compared with that of the opposite 
control limb. A summary of the data is presented in Fig. 2. In each test, the 
temperatures were averaged for the periods before, during, and after each appli- 
cation of pressure, beginning five minutes after each change. The resulting figures 
from all the tests were then averaged and plotted in the graph. These mean 
values show that a local pressure as small as 20 mm. Hg produced a definite 
reduction in skin temperature, while one of 30 mm. Hg resulted in a greater 
reduction, averaging about 1° centigrade. The mean decrease in skin tem- 
perature is shown in relation to local pressure in Fig. 3. 
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F]},*. 1. — Typical fxi)prinieiu on tho pflccts of local pressures of 20 and 30 mm. Hg on the skin tem- 
perature of the tips of the fourth finger of tho right hand (RF 4 ) and left hand (LF 4 ), Tho lowest curve, 
showing the difrcrcnce in temperature between RF 4 and LF 4 , is presented in order to lessen the confusion 
introduced l)y spontaneous vasomotor clianges. The broken horizontal line denotes tho mean value 
of the temperature difference, in tho absence of pre.sJ5urc. 




Fig, 2. 


Fig. 3. 


Fig. 2 . Tho mean effect of local pressure on the temperature of the fingertips. Tho average tem- 

l)oratures are indicated before, during, and after application of pressure. The solid lines represent the 
experimental hand, and tho broken lines represent tho opposite (control) hand. 

Fig. 3 . The relation between local pressure and the mean decrease in the temperature of the 

fingertips in the exporiraonts shown in Fig. 2 , 
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Skin temperature measurements during the application of a pressure of 
SO mm. Hg were carried out on two subjects. The mean decrease in finger tip 
temperature was 2.5° centigrade. During this time, moreover, the subjects 
were warmed so that the mean temperature of the control hand increased 2.3° 
centigrade. The effect of local compression of 50 mm. Hg, therefore, was a 
temperature reduction of 4.8° C. on the experimental as compared with the 
control side. 

Blood Gasometric Method— The blood flow through an organ may be deter- 
mined, according to the Pick principle, by dividing its oxygen uptake by the 
arteriovenous oxygen difference. The rate of oxygen uptake by a given forearm 
under resting conditions has been shown to be fairly constant.^ Likewise, the 
arterial oxygen content normally remains fairly constant. Changes in the 
blood flow through a resting forearm may therefore be estimated by determining 
the alterations in the venous oxygen content. If the blood flow decreases, more 
oxygen is extracted from a given volume of blood during its passage through 
the tissues and the venous o.xygen content falls. 

This method was applied to the present problem as follows. Blood was 
obtained from the antecubital veins of both arms before, during, and after com- 
pression of one forearm, the opposite arm serving as a control. In order to avoid 
repeated venipunctures, with concomitant reflex disturbances - in circulation, 
indwelling needles with obturators (Unger type, gauge 18) were employed. 
Before each experiment these were inserted pointing distally into the veins through 
the skin, previously infiltrated with 1 per cent procaine hydrochloride. Blood 
samples could be taken, when desired, simply by removing the occluding stylets 
from the needles and attaching oiled syringes, containing sufficient heparin 
solution to fill the dead space in the tip. The blood samples were handled an- 
aerobically and stored over mercury in a refrigerator. Each sample was analyzed 
in duplicate for content ofjoxygen'^by the technique of Van Slyke and Neill. ° 
The allowable difference of duplicate analyses was 0.10 volume per cent. The 
arterial oxygen content was estimated from the o.xygen capacity of th'e venous 
blood, assuming an arterial oxygen saturation of 96 per cent. Hematocrit 
determinations in duplicate were also made on each sample bv the method of 
Wintrobe.® 

Experiments were first done by a procedure (designated as Method I) which, 
as will be shown, proved to be unsatisfactory. Another group of experiments 
(designated as Method II) was performed by an improved technique. FinalljL 
a series of control experiments was carried out in which no pressuie was applied 
to either side. 

Method I: These experiments were carried out according to the following 
procedure. The needles were inserted as described and pneumatic cuffs were 
applied snugly but without pressure, covering each forearm up to about 2 cm. 
ie o\\ the tips of the needles. The hand circulation was occluded at the start 
o eac r experiment by inflating separate cuffs on the wrists at a pressure greater 
s\ sto 1C. After four to five minutes the first pair of blood samples was 
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taken. One forearm was then subjected to the desired pressure (20 or 30 mm. Hg) 
by inflating the cuflfs. After four to five minutes a second pair of samples was 
obtained. The pressure on the forearm was then discontinued and a third pair 
of samples obtained after another four to five minute interval. Finally, the 
wrist cuffs were deflated. 

The results of these earlier tests are summarized in Fig. 4. Graph A repre- 
sents the mean of ten experiments in which a pressure of 20 mm. Hg was applied 
to one forearm (solid curve). During compression, the venous oxygen content 
decreased about 1 volume per cent. The mean arteriovenous oxygen difference 
thus rose from 6.4 to 7.4 volumes per cent, an increase of 15 per cent. The cal- 
culated blood flow correspondingly decreased 15 per cent. The averages for 
the opposite arm, which served as a control (broken curve) showed no significant 
change in venous oxygen content. With 30 mm. Hg pressure (Graph B), the 
mean decrease in venous oxygen content was somewhat greater, corresponding 
to a 20 per cent decline in calculated blood flew. The control arm showed a much 
smaller mean change, in the opposite direction. 



jrjg 4 ^ Tho mean results of the blood gasometric experiments performed by Method I. For 

reasons explained in tho text, this method of sampling venous blood proved unsatisfactory during the 
application of pressure. 

A, , Mean oxygen content of venous blood from the arm during application and removal of 20 mm. 
Hg pressure. The average arterial oxj'gon content of this group of ton subjects tvas 18.3 vols. per cent. 

J3, Similar data for experiments with 30 mm. Hg pressure. The average arterial oxygen content 
of this group of six subjects was 19.6 vols. per cent. 


A statistical analysis of the significance of the changes in oxygen content 
in these .experiments was made by the method of Fisher.^ It was found that the 
mean decrease in venous oxygen content on applying 20 mm. Hg pressure was 
barely significant (P* = 0.04), while that on applying 30 mm. Hg pressure just 

•P represents tho probability that the observed change may occur by chance. Values of 0.05 or 
less indicate statistically "significant” changes, and those of 0.01 or less indicate "highly significant 
changes. 
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lacked statistical significance (P = 0.06). The recovery on releasing the pressure 
in both groups lacked significance (P values were 0.16 and 0.62, respectively). 
The spontaneous changes in the control arm were not significant (P values be- 
tween 0.40 and 0.97). The relatively poor statistical significance of the experi- 
mental data obtained by Method I is attributable to the following observations. 

Although local compression of the forearm caused a definite reduction in 
the oxygen content of the venous blood samples in most of the experiments with 
Method I, in others there was only a slight, or occasionally even a reversed, 
effect. Such aberrant results were obtained even when the venous blood flow, 
as judged by the ease of securing blood from the vein, was definitely decreased; 
in fact, the erratic results were most marked in just those instances when, the 
blood was most difficult to obtain. This consideration caused doubt that the 
samples truly represented the venous blood issuing from the compressed area, 
but rather consisted of a mixture of such blood with that refluxing in the vein 
from above the compressed area. In order to obviate the possibility of such a 
mixing, the technique of sampling was changed in the subsequent experiments. 

Method II: In the later tests, the Unger needles were inserted as before. 
However, a flexible venous catheter, stiff enough to withstand the compression 
of the cuffs, was attached to the needle on the arm to be compressed. The cuffs 
were applied and extended from the distal part of the forearm to the middle of 
the upper arm, covering the needle as well as the catheter leading upward from 
it. By sampling the venous blood from a site near the middle of the compressed 
area instead of at its proximal border, one might expect that the reflux of blood 
from noncompressed areas would be prevented. A constant slow drip of isotonic 
saline solution was instilled through the catheter and needle to keep them patent. 
At frequent intervals, measurements of venous pressure were made through this 
system by the technique of Moritz and von Tabora.® On the control side, the 
same sampling technique was used as in Method I. Samples were obtained by 
the same procedure as in the earlier experiments except that the initial 5 c.c. 
from the catheter were discarded to clear the system of saline solution. 

The individual results of the experiments carried out with 30 mm. Hg 
pressure by the improved technique (Method' II) are shown in Table I* and the 
mean results in Fig. 5 (left). The results obtained by this method vniformly 
showed that the venous oxygen content was decreased during compression. The 
mean arteriovenous oxygen difference rose from 6.8 to 9.1 volumes per cent, 
signifying a 25 per cent decrease in blood flow. On removal of the pressure, the 
oxygen content rose almost to its initial value. Statistically, these changes were 
highly significant, the P values being less than 0.01. The changes in the control 
arm were not significant, the P values when the pressure was applied and re- 
moved being 0.72 and 0.26, respectively. 


♦ I'f values of samples obtained through the catheter often were not identical with 

t opposite arm. probably due to slight dilution by the saline solution. However, 

percent In i-n ^omatTCrit determinations on corresponding samples rarely e.vceeded 0.5 

factor necessary to “xygen content of the experimental sample was corrected by the 

a ‘ he hematocrits. The tables present the corrected oxygen contents. 
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Fig. 5. — The results of the blood gasometric experiments performed by IMethod II. Each graph 
shows the mean data of five experiments (see Tables I and II for individual figures). The solid lines 
represent the arm on which the pre.ssure was applied; the broken lines, the opposite control arm. The 
mean arterial oxygen contents of the two groups of subjects were 18.4 and 16.6 vols. per cent, respec- 
tively. 



l^ig, 6. — The relation between the pressure in the pneumatic cuffs on the forearm and the mean 
venous pressure beneath the cuffs. The venous pressures refer to the level of the needle in the vein as 
zero. The arrow, represents the mean level of the sternum. Since 1 mm. Hg pressure is equivalent to 
about 1.34 cm. of saline, it is evident that the venous pressure becomes approximately equal to the cuff 
pressure. 

Fig. 7. — The relation between the increment in venous pressure produced by the compressing 
cuffs and the relative blood flow, as determined by the blood oxygen method in the experiments reported 
in Table II. 
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Table I. The Venous Oxygen Contents in the Experiments With 
30 MM. Hg Pressure (Method II) 


SUBJECT 

VENOUS OXYGEN CONTENT (VOLS. PER CENT) 

ESTIMATED 
ARTERIAL 
OXYGEN 
CONTENT 
(vOLS. 
PER cent) 

EXPERIMENTAX- ARM 

1 

CONTROL ARM 

BEFORE 

PRESSURE 

1 

30 MM. 
PRESSURE 

2 

AFTER 

PRESSURE 

3 

1 

2 

3 ' 

Gun. 

12.87 

10.51 

12.30 

m 

13.05 

12.48 

18.5 

Sive. 

10.95 j 

8.69 

10.30 


12.16 i 

12.00 

19.3 

Ada. 

9.52 i 

7.87 

9.66 


8.50 ! 

9.25 

16.8 

Cro. 

13.84 

10.39 

11.65 


11.40 

12.98 

18.8 

Atw. 

10.93 i 

1 ' 

8.96 

10.45 

Ib 

12.45 j 

12.51 

18.7 

Mean oxygen 








content . 

11.62 1 

9.28 

10.87 

11.57 

11.51 

11.84 

18.4 

Standard deviation 

1.72 

1.14 

1 1.03 

i 1.70 

1.78 

1-49 

1.0 

Mean A-V differ- 



1 





ence 

6.8 

1 

9.1 

7.5 

6.8 

6.9 

6-6 


Mean hematocrit 

! 


! 




j 

(per cent) 

41.1 

42.2 

42.1 

43.0 

43.3 

1 

42.4 

1 



Additional experiments with Method II were carried out on five subj'ects, 
from whom four successive pairs of blood samples were obtained at four- to five- 
minute intervals as follows: (1) before compression of the forearm; (2) during 
20 mm. Hg pressure; (3) during 30 mm. Hg pressure; and (4) after.release of the 
pressure. The hand circulation was occluded throughout the test. The indi- 
vidual results are presented in Table II, and the means in Fig. 5 (right)^ In 
every case there was a decrease in the oxygen content of the venous blood issuing 
from the forearm compressed at 20 mm. Hg, and a further decrease at 30 mm. Hg, 
resulting in an average decline in calculated blood flow of 25 and 34 per cent, 
respectively. Upon release of the pressure, the initial values were restored. All 
these changes had high statistical significance, with P values of less than 0.01. 

The changes in the control arm were small and not significant (P values were 
0.66 to 0.79). 


The average venous pressures under the compressing cuffs are shown in 
Fig. 6. These were determined, with the hand circulation occluded, before com- 
pression of the forearm, and at 10, 20, and 30 mm. Hg pressure on the forearm. 

e venous pressure under the cuffs during compression of the forearm promptly 
rose approximately to the cuff pressure. The indirect relationship between blood 

ow (estimated from the venous oxygen content) and the mean venous pressure 
IS shown m Fig. 7. 


the ^^^P^nments were performed following 

eilke^ fnrpp ^ P^^edure, with the exception that no pressure was applied to 
euher forearm. Fig. 8 shows the average results, comparing the venous oxygen 

















Table II. The Venous Oxygen Contents in the Experiments With 20 and 30 mm. Hg Pressure Applied Successively (Method II) 
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contents of three successive samples taken at 4 to 5 minute intervals from the 
right forearm with corresponding ones from the left forearm. Little change is 
evident in the mean data for either side. The individual data presented in Table 
III, however, show that fairly large spontaneous changes in venous oxygen con- 
tent did occur in many control experiments. Since the direction of the change 
varied from test to test, the averages remained fairly constant. The mean 
changes were not statistically significant, as shown by the P values of 0.26 to 
0.79. 
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Fig. 8. — The mean results of the control experiments, showing the venous oxygen contents of three 
samples taken at four- to live-minute intervals from each arm. No pressure was applied to either fore- 
arm. The individual data for this group of ten subjects are shonm in Table III. 


Table III. The Venous Oxygen Contents During the Control 
Experiments — Individual Data 


subject 

VENOUS oxygen CONTENT (VOLS. PER CENT) 

ESTIMATED 
ARTERIAL 
OXYGEN 
CONTENT 
(vOLS. 
PER cent) 

RIGHT ARM 

LEFT ARM 

1 

2 

3 

1 

2 

3 

Net. 

Wac. 

Ben. 

Cra. 

Wor. 

Cri. 

Hat. 

Jon. 

Lup. 

McG. 

11.02 
8.18 
13.34 
10.91 
10.94 
16.22 
10.10 
12.08 
13.96 
9.94 


9.92 

9.53 

13.32 

11.48 

11.31 

16.65 
9.78 

12.04 

12.65 
9.36 

12.20 

8.39 

13.33 

10.48 

12.51 

15.94 

11.42 

9.95 

13.83 

10.27 

11.74 
8.40 
14.24 
10.68 
12.63 
14.60 
10.97 
' 12.53 
12.29 
10.56 

10.22 

9.23 

13.38 

10.69 

14.47 

13.63 

11.56 

11.19 

10.99 

10.59 

12.47 

8.66 

13.83 

10.77 

14.57 

13.89 

13.09 

10.03 

12.42 

10.23 

20.2 

17.5 

20.7 
20.2 
20.2 

22.8 
20.0 

21.3 

17.3 
17.0 

Mean oxygen content 
Standard deviation 

Mean A-V difference 


11.60 

2.24 

8.1 


11.87 

1.84 

7.8 

11.60 

1.68 

8.1 

BHBBI 

mm 

19.7 

1.9 

Mean hematocrit (per 
cent) 

43.7 

43.8 

43.5 

43.9 

43.6 

43.8 
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^ The spontaneous changes in venous oxygen content tended to be parallel 
m the two arms, supporting the validity of using one arm as a control ac^ainst 
the other in the pressure experiments. Thus, the following correlation^ coef- 
ficients (r) between simultaneous changes in the two arms were computed by 
the product-moment method: for the change from the first to the second sam- 
ples, r= -f 0.57 ; the second to the third, r= T0.81 ; the first to the third, +0.93. 
(A perfect positive correlation coefficient is 1.0.) 

PlethysniogtcLph'ic Method. In contrast with the preceding methods, the 
plethysmograph provides frequent absolute measurements of the blood flow. 
Repeated determinations may be made by intermittently obstructing the venous 
outflow from a limb, with a blood pressure cuff just proximal to the plethysmo- 
graph. During this time blood continues to flow into the part but cannot escape, 
thus causing the limb to swell. The displacement of the fluid surrounding the 
limb in the plethysmograph is recorded on a kymograph. The rate of increase 
of the limb volume is measured as the rate of blood flow. 

Using a plethysmographic technique previously described ,2 measurements 
of the amount of blood flowing to the calf of the leg combined with that returning 
from the foot were made before, during, and after increasing the local pressure 
on the foot froni 30 to (50 mm. of mercury. These pressures on the foot were 
produced by connecting the foot plethysmograph to a bottle inflated with air 
at the desired pressure. Measurements were made on six subjects. Almost 
uniformly, the combined blood flows decreased when pressure on the foot was 
increased and, conversely, increased when local pressure was decreased (Table 
IV). The occasional erratic results were attributed to large spontaneous vaso- 
motor variations in blood flow that characteristically occur in the foot. 


Table IV. The Effect on the Blood Flow of Varying the 
Local Pressure on the Foot 


1 

TER Cent of determinations 

1 

BLOOD FLOW 
INCREASED 

NO CHANGE 

BLOOD FLOW 
DECREASED 

Pressure increased from 30 to 60 mm. Hg 
(26 determinations) 

1 

1 1 

7.7 1 

i 

1 

7.7 i 

84.6 

Pressure decreased from 60 to 30 mm. Hg 
(24 determinations) 

87.5 

12.5 

0.0 


This method has the disadvantage that it is not possible to measure diiectly 
the blood flow in the compressed area, the foot. The measured values include 
the blood flow to the calf, tvhich was not exposed to the pressure. A technique 
was therefore developed to measure the blood flow in the forearm Avhile pressure 
was applied to this segment. 
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The technique employed in the experiments which will be described was as 
follows (see Fig. 9). A standard venous occlusion plethysmograph (.4) was 
fitted on each forearm in the usual way.=> The one on the control arm was filled 
with water, leaving an air space of 150 c.c. which was connected directly with a 
recording bellows. The apparatus on the experimental arm was filled com- 
pletely with water which was maintained at a temperature of 32° centigrade. 
To one of the lead-off holes was attached a large rubber tube (C), 1.5 cm. in 
diameter, connected at its other end with a two-liter aspirator bottle (Z>). The 
tube and bottle were filled Avith water, also leaving an air space of 150 c.c. which 
was connected through a rubber tube (E) Avith a second recording belloAvs (F). 

Initially, the aspirator bottle AA^as so placed that the Avater surface in the 
bottle Avas at the same level as that in the plethysmograph during direct record- 
ing, namely, 8.5 cm. above the center of the forearm. By raising the bottle, the 
hydrostatic pressure on the portion of the forearm in the plethysmograph could 
instantly be increased by any desired amount. Cuffs applied around the Avrists 
just distal to the plethysmographs Avere inflated to a pressure greater than systolic 
during the determinations. Blood Aoav measurements Avere obtained by record- 
ing in the usual AA'^ay the change in arm volume during inflation of the collecting 
cuff on the arm, just proximal to the plethysmograph. The collecting pressure 
Avas greater than that AAUthin the plethysmograph and beloAv diastolic pressure, 
usually betAA^een 60 and 80 mm. of mercury. Repeated control measurements of 
the blood floAV, as recorded through the aspirator bottle, AA^ere similar to the 
plethysmographic tracings obtained by the usual method from the same and the 
opposite arm, except for a decreased amplitude of the recorded pulse AA^aves. 
The apparatus AA’^as calibrated by introducing AAmter in 5 c.c. increments through 
the thermometer opening (B), and recording the rise of the tracing on the kymo- 
graph. The calibration Avas essentially the same Avhen the aspirator bottle Avas 
elevated as Avhen it Avas at the initial level, or Avhen the plethysmograph AV'as 
connected directly AAnth the belloAA's. 

Whenever the local pressure on the forearm AAms increased, the plethysmo- 
graphic blood floAVs decreased, and, conversely, Avhen the pressure Avas decreased 
the floAvs increased. A representative recording demonstrating the effect of a 
pressure increment of 20 mm. Hg is shoAAm in Fig. 10. 

A summary of the results and their statistical significance is presented in 
Table V. Immediately after a change in pressure on the forearm there AA'^as often 
a shift in the base line of the plethysmographic tracing, attributable to readj'ust- 
inent of the sealing cuffs and of the plethysmograph itself to the altered pressure. 
All calculations of blood floAV AA’^ere made on tracings taken after this effect had 
ceased. The table shoAA’^s that eA^en AAuth a 10 mm. Hg increment in pressure 
the ensuing decrease in blood floAV aa^s statistically significant (P value, 0.03). 
With 20 and 30 mm. Hg, the statistical significance of the decrease in flow Avas 
ver> high (P values less than 0.01). The average changes in blood floAV in the 
control arm Avere small, tending to be opposite in direction to those in the experi- 
mental arm, and lacking statistical significance. 
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Fig. 9. — Diagi'amtnatic representation of the apparatus used for the plethysmograpUic measure- 
ment of blood flow in the forearm during the application of local pressure. Symbols: A, plethysmo- 
graph; B, thermometer opening, also used for calibrating the .system; C, 1.5 cm. bore rubber tubing; 
D, aspirator bottle; E, rubber tubing; F, recording bellows; and C, kymograph. By varying the height 
of the aspirator bottle, the desired hydrostatic pressure was applied to the segment of forearm in the 
plethysmograph. 



Fig. 10. — A tiitical plethysmographic recording of blood flow before, during, and after the applica- 
tion of 20 mm. Hg pressure on one forearm (upper tracing). The blood flow in the opposite (control) 
forearm, recorded simultaneously, is shown in the lower plethysmographic tracing. The time scale at 
the bottom indicates seconds. 



T OF Local Pressure on Blood Flow in the Forearm Plethysmographic Data 
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*P Is tho probability that tho chango is duo to chance. Values of 0.05 or loss indicate statistically significant changes. 
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These results could not be compared directly with those of the blood gaso- 
metric method for the following reasons. In the latter method the initial pres- 
sure on the arm was zero (atmospheric). This was not true in the plethysmo- 
graphic method, where the initial pressure was 8.5 cm. HoO (or 6 mm. Hg), to 
which the various increments in pressure were added. It was necessary, there- 
fore, to estimate by graphic extrapolation the blood flow at zero pressure, and by 
interpolation the flows at 10, 20, and 30 mm. Hg above atmospheric. The way 
in which this was done is shown in Fig. 11, where the blood flows, in terms of 
the initially measured rate (which was given an index value of 100), are plotted 
against pressure above atmospheric. The extrapolated blood flow at zero pressure 
was thus 106, and the interpolated flows at 10, 20, and 30 mm. Hg pressure above 



(MM. HG ABOVE ATMOSPHERIC) 



PRESSURE ON FOREARM 
(MM. HG) 


Fig. 11. 


Fig. 12. 


, r .,i..thvcmnf!Tinhic bloocl flows at true pressures (related to at- 

Fig. 11 .— Graphic interpolation of , j^j.row on the horizontal scale, at 6 mm. 

mospheric pressure) of 0, 10 20, and 30 j initial blood flow measurements (given an 

He. denotes ,L.o 

index value of 100) were made, and to whicti tne ^ariou. i 

t^asomctric (Table II) and plethysmographic methods. The niooa 
Ts given an index value of 100 in each case. 


atntospheHc we 95. 81, and 63, nt 

atmosphenerte^Hoo^^flow was rej.ee ^ 

pressur , • approximately equal to those 

from he ve^oi oxygen method on the assumption that the rate of 
rxygt uti" This finding confirms that assumpt.on. 


DISCUSSION 

tA/fiile it was obvious that a reduction in blood flow would occur in an ex- 
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been partlj^ investigated by Darling and Beldingd whose purpose was to evaluate 
the role of pressure by foot gear in the development of trench foot. Their method 
consisted of measuring the skin temperature of various parts of the foot while 
the subject was in a cold room (^“F. or 4° F.). They found that Avhen a pressure 
of 50 mm. Hg or more was applied to one foot by means of a pneumatic stocking, 
it cooled more rapidly than did the opposite foot, which was not compressed. 
No consistent differences were obtained with pressures lower than 50 mm. of 
mercury. The authors indicated, however, that their method may not have been 
sufficiently delicate to detect small changes in blood flow, and also that the in- 
tense vasoconstriction in the cold environment may have masked the effects 
of lower pressures. 

In the present study it was shown that increments in local pressure as small 
as 10 mm. Hg were sufficient to reduce definitely the circulation in normal limbs. 
These results, obtained by three different methods, demonstrate the importance 
of small degrees of local compression. Thus, pressure on the extremities, such as 
those ordinarily produced by snug clothing, gloves, shoes, bandages or splints, 
or by the weight of the limbs themselves, or even of the bed clothes upon the bony 
prominences may be sufficient to reduce significantly the circulation in the com- 
pressed parts of normal limbs. In patients with peripheral vascular disease, 
such reduction of blood flow may produce serious results. The importance of 
these findings both in medical and surgical cases seems obvious. 

The mechanisms by which blood flow is reduced during local compression 
are interesting to speculate upon. Certainly, one factor is the reduction of the 
pressure gradient between the arteries and veins as demonstrated by the prompt 
rise in venous pressure approximately to that in the compressing cuffs. Another 
possible mechanical factor involved in the reduction of blood flow is the decrease 
in the caliber of the small vessels in the compressed area causing an increase in 
resistance to flow. 


SUMMARY 

The effect of locally applied pressures of 10 to 50 mm. Hg on the extremities was 
investigated by three methods: (a) thermometric ; (b) blood gasometric; and 
(c) plethysmographic. The results indicated that local pressures of remarkably 
low amounts may impair the circulation. Skin temperature measurements 
showed a definite effect with pressures as low as 20 mm. of mercury. At this 
pressure, the arteriovenous oxygen difference rose about 25 per cent, and plethys- 
mographic tracings showed an equal decline in blood flow. With a local pressure 
of 30 mm. Hg, the blood flow decreased about 25 per cent as measured both by 
the blood gasometric and the plethysmographic methods. Even at 10 mm. Hg 
the plethysmograph revealed a 10 per cent decline in blood flow. 
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THE FUNCTIONAL PATHOLOGY OF EXPERIMENTAL 

IMMERSION FOOT 


Kurt Lange, M.D., David Weiner, M.D., and 
Linn J. Boyd, M.D, 

New York, N. Y. 

T he abundant literature on trenchfoot and frostbite which appeared after the 
first World War, and especially after the second World War, is full of contra- 
dictory statements. Those students of the subject who go somewhat deeper into 
the question of the functional pathology of the two lesions, or as many authors 
like to state, one lesion, can be divided into two opposing groups. One group, 
under the leadership of Ungley and Blackwood,^ feels that in the immersion foot 
syndrome all lesions due to cold, including frostbite, are due mainly to a peri- 
pheral vasoneuropathy, almost all of the pathology being located in the muscle 
and nerve tissue. The other group, under the leadership of Greene,^ Friedman,® 
and Siegmund,^ believes that the lesions of frostbite, as well as of immersion foot 
syndrome, are caused by intravascular agglutinative thrombi as we®*® and others 
have demonstrated in actual cases of frostbite and in experimental frostbite. 

Kreyberg,^ with his deep understanding of the functional pathology of the 
lesions due to cold, tries to differentiate clearly between the lesions due to moderate 
but protracted cold in a wet surrounding (immersion foot) and the lesions due 
to intense but short-lived exposure in a surrounding of air (frostbite). All 
conclusions concerning immersion foot are drawn from analogy, as Kreyberg'^ 
states, since actual observations during the exposure and immediately there- 
after are almost completely missing and since the biopsy material is confined 
almost exclusively to gangrenous areas. 

We felt, therefore, that it is essential to produce trenchfoot in experimental 
animals to permit the study of the functional pathology and to determine whether 
therapeutic measures such as heparinization, which we found successful in frost- 
bite, are applicable to trenchfoot lesions. There is only one report in the litera- 
ture, by Smith and associates,® in which an attempt was made to produce trench- 
foot experimentally and their results were rather doubtful. 

After numerous difficulties, we were able to produce in rabbits a constant 
lesion comparable to immersion foot (Fig. 1). 
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5 


Fig. 1. — 'pvvo rabbits in experimental setup for the production of trenchfoot. Tbe cylinder from the 
right foot is removed to make the position of the animal visible. 


EXPERIMENTAL METHOD AND OBSERVATIONS 

A female adult rabbit is placed in a rabbit box with both hind legs projecting 
through holes in the floor and into two aluminum cylinders fastened to the bottom 
of the box. The left cylinder is closed at the bottom except for an inlet for water, 
and has an outlet near the top. Water constantly enters this C3iinder containing 
the left hindleg of the rabbit from a tube, which siphons it from a reservoir through 
coils into the cylinder and is removed through the outlet by a pump Avhich returns 
it to the reservoir. The coils are placed in the tank of a cooling unit which per- 
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mits an exact control of the temperature of the water entering the cylinder. A 
recording thermometer in the cylinder records the temperature of the water 
throughout the experiment. The temperature dees not vary more than 2°F. 
during the entire exposure. The animals are prevented from escaping by two 
straps holding them down in the box. 

All experiments last for three to four days, during which time the animals 
are fed and watered unless starvation is part of the experiment. The rectal 
temperature, respiratory rate, and electrocardiogram are taken at regular inter- 
vals. The opposite leg is not cooled but held in a similar cylinder without water 
to see the effect of immobility and dependency. ‘Thermocouples are inserted 
into the exposed leg during the exposure. in certain experiments. 

At temperatures between 3 and 5° C., one is able to make the following obser- 
vations ; After immersion , the temperature of the exposed limb goes down rapidly 
but does not reach the temperature of the surrounding water even after several 
days, indicating the persistence of some circulation in the limb (Fig. 2). If fluor- 



escein is given into the ear vein one will notice that, in contrast to exposures to 
subzero temperatures, as in frostbite, the dye always appears in the exposed limb, 
although markedly delayed and in lower concentration compared with the 
nonexposed limb. Severe swelling occurs during the exposures; it is quite notice- 
able after twenty-four hours, and is severe after forty-eight hours of exposure. 
It extends all through the exposed part of the limb. The appearance of swelling 
during the exposure is in direct contrast to frostbite, where the swelling occurs 
after ihe end. of the exposure. This, again, indicates that during the immersion 
the circulation is not completely interrupted, for only in the presence of a positive 
h tration pressure in the vascular system can edema occur. The nonexposed leg 



Fig. 3. — Severe swelling of left calf and toes of a rabbit exposed for ninety-six hours to water at a tem- 
perature of 3° centigrade. One day after exposure. 



Pig. 4_ — ^Rabbit thirty days after exposure of the left leg for ninety-six hours to a temperature of 3' 

centigrade. Note dragging of the left leg. 
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also shows some swelling due to the dependency, but this is present only over the 
toes and is not of the same order of magnitude as the swelling in the exposed leg. 
When removed from the device after three days of exposure, the temperature in 
the depth of the exposed leg rises immediately and rapidly, reaching body tem- 
perature within thirty minutes. The leg is severely swollen and the animal 
is unable to use the leg due to a flaccid paralysis. Muscular tone has disappeared ; 
passive movement is possible without resistance, pinprick produces no reaction 
and the leg is dragged (Figs. 3 and 4). A fluorescein test performed at this time 
shows maintenance of a slow but positive circulation. After .three to six hours, 
the leg becomes markedly hyperemic and hot. A fluorescein test® performed 
at this time shows a marked hyperfluorescence due to the increased capillary 
permeability. 

After forty-eight hours the swelling of the leg has disappeared, the hyperemia 
has become moderate, and the hyperfluorescence has decreased. The swelling 
over the toes in the nonexposed leg disappears within four hours after the end of the 
exposure. The exposed foot is dropped when the animal is lifted up and the ani- 
mal is apparently unable to spread its toes, leading to a characteristic appear- 
ance of the foot (Fig. 5). There is no reaction to pinprick or tapping of the 
Achilles tendon. The animal cannot use this leg and drags it when walking. 
All of these signs persist for from four to ten weeks in most animals. They 
are usually combined with a marked atrophy of the muscles of the foot and the 
calf. The characteristic foot drop and the inability to spread the toes are the 
most persistent signs. This inability to spread the toes is also a very charac-. 
teristic and persistent sign of human trenchfoot lesions. The animals favor 
the opposite leg for many weeks although the skin has returned completely to 
normal. The regrowth of the clipped hair is not slower on the exposed side than 
on the nonexposed side (Fig. 6). The circulation time and capillary permea- 
bility return to normal in four to five days and the reaction to pinprick usually 
returns after four to five weeks. 

It was most astonishing that of the seventy-five animals subjected to the ex- 
posure, of which twenty-eight survived the seventh day after exposure, none 
showed any gangrene except in areas of superimposed trauma or infection. 

In order to exclude the water without the lowered temperature as the cause 
of the swelling and the muscular and neurological phenomena, the legs of five 
animals were exposed in the cylinder to water at body temperature. They showed 
a fleeting swelling similar to that found in the legs with dependency only, but after 
twenty-four hours, there is complete restitution of normal function and shape 
of the leg. 

Morphologic studies of the limbs of animals sacrificed at ^^rying intervals 
are being carried out* and will be reported in the near future. One thing is out- 
standing, however; in none of the specimens of trenchfoot animals of any stage 
can one discover the agglutinative thrombi of red cells which are so characteristic 
of true frostbite. The histologic lesions seem to be confined to the muscles and 
predomin antly to the nerve tissue, in which severe degenerative changes can be 


*In collaboration with Dr. N. B. Friedman of the Army Institute of Pathology. 
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found for weeks following the exposure. There is an excellent correlation between 
the nerve lesions and the functional disturbances. They are completely different 
from the lesions seen in frostbite. . 

It is, therefore, obvious that the treatment by heparinization for six to ten 
days which we described to prevent gangrene subsequent to frostbite is, not 
applicable in trenchfoot. It should be mentioned here that in frostbite the hepar- 
inization has to be continuous and persistent. The failure to obtain results re- 
cently reported by Quintanilla and associates^® was due to heparinization for only 
thirty-six hours. 



■pjfj, 5, Foot drop and inability to spread tlie toes in the left leg of a rabbit. The leg was exposed for 

jjlnety-slx hours to a temperature of 3' centigrade. Three days after exposure. 

It is interesting to speculate as to the actual cause of the lesions in trench- 
foot. By introducing a thermoneedle into the vein carrying the blood fropi the 
exposed leg, one notices that the temperature of this blood is almost identical 
with the internal temperature of the exposed leg. At a temperature of 6° to 
8° C., however, the oxygen dissociation of the blood is extremely low.^^ Although 
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one can assume that the tissue metabolism is also at a very low level, the fact 
remains that there exists almost complete tissue anoxia for as long as several days. 
The slow speed of the blood stream in such a limb contributes further to the 
anoxia. The blood returning from such a limb is bright red and shows no 
apparent oxygen depletion. The skin of the leg itself appears bright pink due to 
the lowered dissociation. In order to see whether these factors lead to a local 
histamine production which, in turn, produces the increased capillary permea- 



Fi;:. C. Same animal as in Fig. .'j three weeks after exposure. Note the same neurological lesions but 

the extensive regrovrth of hair. 


bility, we kept two animals on high doses of pyribenzamine during the entire 
length of the experiment. They did not show any diminution of swelling as 
compared to the other animals. The fluort scein tests done during the first twenty- 
four hours after exposure indicate an increase in permeability in the e.xposed as 
compared with the nonexposed side. This increase is, however, much less intense 
than that seen after exposure to frostbite; it is less intense as well as less 
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persistent. It is, therefore, understandable that the loss of plasma which leads to 
the typical stranding of red cells and the silting up of the capillaries with sub- 
sequent agglutinative thrombi in frostbite cannot be found in trenchfoot and 
that, therefore, the subsequent intravascular phenomena are missing. 

Of our group of seventy-three animals thus exposed, eight showed a marked 
lowering of body temperature twenty-four to seventy-two hours after the onset 
of exposure. It appeared that in the face of the continuous heat withdrawal from 
the one leg, they were not able to maintain their body temperature.’ In these 
animals a typical sequence of events occurred. 

At first, when the body temperature has dropped to 32° to 3.3° C. the pulse 
rate rises, the animals become very irritable, and seem to have an unstable gait 
when taken out of the box. Further slow lowering of the body temperature to 
approximately 28° C. produces considerable drowsiness. The respiration and 
the pulse rate become progressively slower until death occurs at a body tempera- 
ture of approximately 24° centigrade. 

During the last phase of lowered temperature, between 24° and 28° C., 
marked electrocardiographic changes may be found. Deep depressions of the 
S-T segments in all leads are followed by an elevation of the S-T segments with 
inverted T waves as seen in myocardial infarctions (Fig. 7). Morphologic ex- 


I 


II 


III 


Day.s of Expos. 1 2 ^ 

Body of Tomp. °C. 38.. 3 35.5 


3 4 

32.0 26.0 


Fig. 7 —Electrocardiograms of a rabbit during trenchfoot exposure with general loss of body temperature. 


aminations of such hearts, however, have thus far failed to reveal any specific 
lesion. In two animals we succeeded in promptly reversing these electrocardio- 
graphic changes by rapidly raising the body temperature by means of hot baths 
and warm saline enemas. Nevertheless, these animals died. 

These findings, which require further study, may explain certain cases 
described in the German," British,!^ and recently, in American literature, 
in which survivors of shipwreck showed marked disturbances in cardiac rhythm. 
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and sometimes sudden death during an apparently uneventful recovery. The 
mechanism may possibly be explained by the prolonged myocardial anoxia pro- 
duced by the diminished oxygen dissociation. It is possible that we have seen 
more of such disturbances than other observers, since our experiments lead to a 
slow and gradual lowering of body temperature whereas other observers were 
using experiments directed toward an acute, rapid lowering. of body temperature. 

SUMMARY AND CONCLUSIONS 

In conclusion, we wish to state that the lesions in experimentally produced 
trenchfoot are basically different from those in frostbite. They consist mainly 
in disturbances of muscular and nervous function. Intravascular agglutinative 
phenomena characteristic of frostbite are missing. 

In contrast to frostbite, the circulation' in the exposed limb continues during 
the immersion, although it is slower and diminished in amount. Edema in trench- 
foot occurs, therefore, during the exposure whereas in frostbite it occurs some 
time after the exposure. 

The increase in capillary permeability is much milder in trenchfoot than 
it is in frostbite. 

Gangrene subsequent to experimental trenchfoot lesions is extremely rare 
and occurs only when pressure or local infection are superimposed. 

The lesions in trenchfoot seem to be a consequence of the protracted tissue 
and especially nerve anoxia, while in frostbite the main part of the damage is due 
to intravascular agglutinative thrombi. 

The tissue anoxia due to lowered oxygen dissociation seems also to be the 
cause of severe electrocardiographic changes in animals in which the body tem- 
perature is lowered due to the trenchfoot exposure. 

It is possible and even probable that the two lesions may overlap or coexist 
in individuals exposed to sudden extreme cold during a long exposure to immer- 
sion foot conditions, or in individuals who have a great tendency to vascular 
spasm. Such individuals may react with a complete vascular shutdown, as seen 
in frostbite, when normal individuals still maintain a certain amount of circula- 
tion. Usually it is the extreme cold, with complete circulatory standstill in the 
exposed part, which causes the severely increased capillary permeability leading 
to stranding of the red cells in the capillaries. 
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THERAPY DIRECTED AT THE SOMATIC COMPONENT 

OF CARDIAC PAIN 


Seymour H, Rinzler, M.D., and Janet Travell, M.D. 

New York, N. Y. 

T he idea that visceral pain may be relieved by local anesthesia of the somatic 
tissues concerned in the reference of pain is not new. Nearly twenty years 
ago this fact was demonstrated by Weiss and Davis^ in twenty-five cases of vis- 
ceral disease, which included two of heart disease. However, the therapeutic 
import of their observations became lost in the issues which developed as to the 
theoretical role of the so-called “somatic reference zone” in the mechanism 
of visceral pain reference. 

We likewise have found that local block of afferent neural impulses from 
the somatic structures which mediate referred visceral pain may relieve pain due 
to heart disease under suitable conditions.^ This report deals with the demonstra- 
tion of this fact, and with practical aspects of local block therapy directed at the 
somatic component of cardiac pain. 

CLINICAL DATA 

We have studied thirty-one patients with chest pain due to coronary artery 
disease, who presented trigger areas in the voluntary muscles, and in whom an 
attempt was made to block the noxious impulses from these abnormal foci 
either by local procaine infiltration or by ethyl chloride spray. These observa- 
tions on pain of cardiac origin have been oriented against a background of ex- 
perience in a larger number of patients with chest pain and somatic trigger areas 
activated by disorders of the skeletal muscles rather than by heart disease. 

The common denominator of cardiac and somatic chest pain in these sub- 
jects is the presence of a trigger mechanism in the somatic structures. It is, 
therefore, necessary first to define the abnormal zone of hypersensitivity known as 
a trigger area. Its essential characteristic is that when it is stimulated by 
pressure or needling, it gives rise to a brief reference of pain. The referred pain 
is usually perceived at a distance from the trigger area, but as in the case of the 
precordial muscles, it may circumscribe the trigger area itself.®*'* In either case, 
the spread of pain represents a true reference phenomenon, since it does not con- 
form to an area supplied by a peripheral nerA^e. 

tlie Cardiovascular Research Unit, Beth Israel Hospital, and the Department of Pharma- 
cology, Cornell University Medical College, Hew York, X. Y. 

N .l^'^dumj^G^aml Scientific Meeting of the American Heart Association, Atlantic City, 
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he distribution of pam referred from trigger areas is relatively constant 
lor the site of origin; thus, similarly located trigger areas in different individuals 
produce similar, and therefore, predictable pain reference patterns.^-® As a con- 
sequence, in skeletal muscle disorders without organic heart disease, the appro- 
priate trigger areas give rise to referred pain which is indistinguishable in dis- 
tribution and quality from the substernal and radiating pain of coronarv in- 
sufficiency. 

Although trigger areas reside occasionally in the skin, we have found them 
to be located in most instances ivithin the myofascial structures. It is not known 
what tissue within the muscle mass becomes physiologically altered so as to con- 
stitute the trigger area, but we have observed that in the process of biopsy of a 
trigger area without anesthesia (except morphine), lightly touching, lifting, or 
pinching the outer fibrous sheath of the muscle at this spot momentarily repro- 
duced the specific pattern of pain reference which characterized this trigger area 
and which had been previous!}’- elicited by pressure. 

LOCATION OF TRIGGER AREAS 

Muscles which frequently develop trigger areas in association with coronary 
artery pain are the pectoralis major and minor and the serratus anterior. The 
patterns of referred pain induced by mechanical stimulation (needling) of trigger 
areas in these and other muscles of the chest and shoulder girdle have been mapped 
both in the presence and absence of heart disease. As has been implied, the 
patterns are similar whether the trigger mechanism is activated by cardiac or 
somatic factors. 

It has been found that trigger areas in the myofascial structures of the 
parasternal region give rise to pain perceived chiefly beneath the sternum. Trig- 
ger areas in the lateral part of the precordium, where the pectoralis major and 
minor muscles overlap, give rise to pain widely distributed over the precordium, 
occasionally referred to the scapula and frequently to the medial epicondyle of 
the elbow and ulnar distribution in the forearm and hand. Trigger areas in the 
inferior margin of the pectoralis major muscle at its mid-point include the nipple 
and breast in their reference pattern. Trigger areas close to the ribs in the lowest 
slips of the pectoralis minor muscle at their origin often produce pain located deep 
within the chest and described as “inside the heart.’’ Trigger areas anterior 
to the sternum in the rudimentary stemalis muscle give rise to a reference of pain 
which may extend up and down from the base of the neck to the epigastrium. 
Trigger areas in the axillary region in the serratus anterior muscle induce a spread 
of pain at the corresponding level which travels anteriorly almost to the sternal 
border and posteriorly as far as the interscapular line, and occasionally to the volar 
aspect of the arm as far as the palm. Trigger areas in the serratus muscles are 
apt to cause pain on deep inspiration, or a sense of constriction of the chest. 

With a precise knowledge of these reference patterns, the search for trigger 
areas is facilitated if the patient gives a clear description of the location of spon- 
taneous pain. However, the essential part of the examination is the discovery by 
careful palpation of discrete areas of exquisite tenderness. Thus, the examiner 
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may suddenly locate a small spot of hyperalgesia so acute that the patient winces 
when it is palpated. The hyperalgesia may be cutaneous, but usually it represents 
a hypersensitivity of the deeper structures. This is shown by the fact that the ^ 
skin may be lifted off the deeper structures and compressed without inducing 
pain, whereas even light pressure against the skin when it is in contact with the 
underlying structures elicits a painful response. 

When an extremely sensitive trigger area is stimulated by pressure, the 
patient usually describes a reference of pain clearly perceived at a distance. 
On the other hand, if the spread of pain induced by pressure circumscribes the 
trigger area, the subject may fail to distinguish the reference of pain from the 
local hyperalgesia at the trigger area itself. With the stronger stimulus of needling 
the trigger area, however, the reference pattern is usually sharply delineated. 

LOCAL BLOCK TECHNIQUES 

Local Infiltration . — Since the relief of pain by so-called “analgesic” injection 
is not dependent on the local anesthetic action of a drug,' the concentration of 
procaine hydrochloride in physiologic saline has been reduced for infiltration 
to 0.25 to 0.5 per cent. One reason for using any procaine at all is that even 
such low concentrations appreciably reduce the immediate pain induced by the 
infiltration. 

The patient is questioned regarding sensitivity, to procaine, and if a history 
of allergy is obtained or if the patient has never before received procaine, either 
physiologic salt solution is used for injection, or an initial test dose of 5 to 10 mg. 
of procaine hydrochloride is given by muscle and the patient obser\’'ed for ten 
minutes for a general reaction. The total dose of procaine hydrochloride at the 
first treatment is limited to 100 mg. and is stepped up gradually at subsequent 
treatments if necessary. If the patient is unduly apprehensive and has not re- 
ceived previous sedation, a preliminary dose of a rapidly acting barbiturate is 
given by mouth. 

In infiltrating trigger areas in the muscles, it is not necessary to infiltrate the 
skin. There is also no need to withdraw on the plunger of the syringe to determine 
whether the point of the needle lies within a blood vessel if dilute solutions of 
procaine are used and if infiltration is performed with the needle constantly 
moving in or out. The needle is kept, in motion in order to reach as many 
muscle layers as possible, and also to avoid introducing more than a drop or two 
of the procaine solution into a blood vessel, if one were entered. Furthermore, the 
intravenous injection of procaine m the nonallergic individual no longer connotes 
the same hazards as formerly, and is being widely used by this route in a variety’’ 
of clinical conditions.®*® 

The depth of injection depends on the site of the trigger area. At the sternal 
borders, the musculature is thin and the trigger areas therefore Superficial. 
Laterally, ike pectoral muscles are thicker and the trigger areas may be fairly 
deep, especially where the thoracic cage falls away from the skin surface. There- 
fore, m a muscular person it may requife.a two inch needle (23 gauge) to infiltrate 
a trigger area m the pectqralis minor muscle. For more superficially located 
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trigger areas in the pectoralis major and serratus muscles, a one to one and one- 
fourth inch needle (24 gauge) is used. The needle should not be inserted up to 
the hilt because of the difficulty of extraction in case of breakage. It should be 
inserted at a tangent to the ribs to assure that the pleural cavity is not penetrated. 

For a given trigger area the amount of solution injected is usually about one 
to four cubic centimeters, but less may suffice. If local tenderness at the trigger 
area is not abolished, reinjection of the same area at a different depth or angle is 
employed. • 

Pyrogen-free solutions are used. When pyrogenic materials are injected into 
trigger areas, intense afterpain may result. 

Ethyl Chloride Spray . — A technique somewhat modified from that recom- 
mended for sprains^*’ is employed. A standard glass container, preferably with a 
nozzle which delivers a fine spray, is used. The tube is held about two feet from 
the patient. _ The spray is applied not perpendicularly, but at an acute angle or 
even at a tangent to the surface of the skin. It is applied with a constant rotary 
motion of the wrist so as not to concentrate it in a small area. The spray is usu- 
ally applied for about five to fifteen seconds at a time; it is discontinued if the 
skin becomes blanched. Frosting is to be avoided ; if frost appears, it is promptlj’^ 
wiped off. 

To avoid inhalation of ethyl chloride vapor, an adequate circulation of air 
is desirable. Since the vapor is hea\^'’ and travels downward, it is preferable 
that the spray should be applied with the patient sitting up, or at least propped 
up with pillows. The usual precautions for the handling of a volatile inflammable 
substance should be observed. 

Spraying is continued at brief intervals until the spontaneous pain has dis- 
appeared, If pain persists, this procedure is stopped after about ten to fifteen 
minutes. 

If ethyl chloride spray fails to relieve pain, local infiltration of the trigger 
areas may be tried. One should, however, await the return of the skin to room 
temperature because ecchymosis has followed immediate needling of a heavily 
sprayed area. 

RESULTS 

The thirty-one subjects with pain due to inadequacy of the coronary circula- 
tion were classified into three groups: Group 1, subjects with constant chest 
pain initiated by an acute myocardial infarct and no pain prior to this event 
(four patients) ; Group 2, subjects with effort angina associated with antecedent 
or intercurrent myocardial infarction (eighteen patients); and Group 3, subjects 
with effort angina uncomplicated by a known myocardial infarct (nine patients). 
We shall omit from consideration the results of local block therapy in those other 
patients with chest pain who had equivocal or no evidence of coronary artery 
disease, . • 

Patients With Constant Chest Paw.— The patients in Group 1 provided the 
most convincing demonstration that cardiac pain may be blocked at the somatic 
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component. Table I shows the results obtained in four subjects who had five 
myocardial infarcts and prolonged substernal or precordial pain following each of 
these events, but no anginal pain previously. The duration of pain prior to treat- 
ment ranged from four hours to twenty-one days. One of these patients (I. C.) 
had marked hypertension (200/110). 

Complete relief of the protracted pain was secured in all instances, either by 
local procaine infiltration of the trigger areas in the precordial muscles, or by 
ethyl chloride spray of the discrete tender areas in the precordium, or by a com- 
bination of both procedures. In four infarctions, complete relief was immediate,' 
and one treatment sufficed to secure a permanent result. In one infarction, 
temporary amelioration of pain occurred after the first local block, but four such 
treatments were necessary to obtain lasting complete relief. 

Two of these cases with persistent chest pain following acute myocardial 
infarction are presented in detail. (Cases 1 and 2.) 


Table I. Results of Local Block Therapy in Continuous Chest Pain Initiated by a 

Myocardial Infarct 


patient 

SE.X 

AND 

AGE 

DUR.A.TION OF 
PAIN PRIOR 

TO THERAPY 

TECHNIQUE 
FOR BLOCK 

NO. OF 
TREAT- 
MENTS 

RELIEF OF 
PAIN 

DURATION OF 
RELIEF 

W. T. 

1 

M 73 

1 1 

7 hours 

Procaine 

infiltration 

1 

1 

j 

Complete 

j 

2 years (until 
next infarction) 


M 75 

\2p2 hours 

Procaine 

infiltration 

! 

Complete 

years 
(to date) 

L. Lu. 

M 52 

j 

i 

23 hours 

Ethyl chloride i 
spray 

1 

1 

Complete 

7 months 
(to date) 

I. C. 

M 67 

21 days 

! 

Procaine 

infiltration j 

1 

i 

Complete 

9 months* 

(to date)- 

L. Le. 

M 46 

4 hours 

Procaine 
infiltration i 
and ethyl 
chloride ' 

spray 

4 ! 

Partial until 
7th hos- 
pital day, 
then com- 
plete 

7 months 
(to date) 


*Precordial chest pain for about two hours during each of two attacks of acute, left ventricular failure 
with pulmonary edema four and six months, respectively, after infarction. 


Patients With Effort Angina {Groups 2 and 3 ). — The difficulties in evaluating 
any form of treatment in chronic cardiac pain are well known. However, an- 
alysis of the results of local block of the somatic component in the eighteen patients 
of Group 2 with both effort angina and myocardial infarction indicates that this 
procedure may be effective when the anginal syndrome appears soon after an 
acute myocardial lesion. Of twelve patients with this type of onset, all received 
sigm cant relief of both the severity and frequency of anginal attacks, as indicated 
> increased physical activity and decreased use or discontinuance of nitrites, 
lese patients received an average of about" six treatments by local procaine 
m 1 ration given at weekly, or occasionally, at biweekly intervals. Ethyl chloride 

























253 


lUNZLEK AND TRAVELL: SOMATIC COMPONENT OF CARDIAC ]’AIN 

spray was employed in only one patient; in this patient, numerous trigger areas 
were present in the skin as well as in the deeper structures. In three of the 
twelve patients with postinfanction onset of pain, the eflfort angina was com- 
pletely abolished by local block therapy even when normal activity was resumed 
(three, four, and four months of observation after treatment, respectively); 
effort angina had been present since infarction for four, three, and one and one- 
half months, respectively. In one case in which anginal pain had been present 
for as long as ten years since myocardial infarction, marked relief was secured by 
local infiltration. A long duration of chest pain, therefore, does not preclude 
a good result in these postinfarction anginal syndromes. 

The results in these twelve patients of Group 2, the onset of whose effort 
angina followed infarction, are to be contrasted wdth those obtained in the 
remaining six patients in this group, in whom the anginal syndrome antedated the 
first myocardial infarct and in whom local block therapy was instituted some time 
after infarction. In these patients with effort angina of gradual onset, persistent 
treatment extending even over many months afforded at the best only partial 
relief, and the anginal syndrome reverted to its previous severity soon after 
local block therapy was discontinued. These relatively unsatisfactory results 
are similar to those observed in the nine patients of Group 3 with effort angina 
of insidious onset, but without acute myocardial infarction. 

On the basis of the response to local block therapy, the fifteen patients 
(six of Group 2 and nine of Group 3) with effort angina of insidious onset appear 
, to represent one class, irrespective of whether infarction occurred intercurrently 
or not. The therapeutic result in this group is so different from that noted 
previously in the twelve patients with postinfarction onset of effort angina that 
various factors have been analyzed to insure that these represent comparable 
groups. As shotvn in Table 11, the proportion of men was high in both, namely, 
87 per cent in the former and 75 per cent in the latter. The average ages were 
58 and 59 years, respectively, with almost identical ranges. Marked hyper- 
tension w^as present in 33.3 and 25 per cent, respectively; this difference is not 
considered statistically significant. In the patients wdth angina of insidious 
onset, the duration of anginal pain prior to therapy ranged from four w’^eeks to 
eight years, as compared with si.x weeks to ten years in the patients wdth angina 
precipitated by infarction. In conclusion, it may be stated that except for the 


Table II. Analysis of Factors in Effort Angina With Different Modes of Onset 


ONSET OF PAIN 

i 

NUMBER 
OF j 

PATIENTS ' 

NUMBER 

OF 

MEN 

1 

AVERAGE * 
AGE 

(years) ' 

1 

hypertension 

t 

1 

.werage 

I RESPONSE TO 

1 LOC.AL BLOCK 

1 

NUMBER ^ 

PER CENT 

Post infarction 

12 

1 

9 

59 

(43-65) j 


25 

i Good 

1 

1 

-1 

Gradual I 

! 

15 \ 

1 


58 

(42-72) 

5 

.13.3 

1 Poor 

1 

i 



Patn. 
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Fig. 1 . — Case 1. Influence of medication and of local procaine infiltration on pain for tlie first 
and second myocardial infarction two years apart. An arbitrary scale has been adopted to indicate 
relative intensities of pain. 



Fig. 2 . Case 1 . First infarction. Serial changes of a recent myocardial infarct. A, Routine 
tt^o years prior to the first infarct. Normal record. JB, Record taken seven hours after 
protracted pain and just prior to procaine infiltration. Note abnormal Ti and T 4 . C, Record 
n telief of pain by. procaine infiltration. Ti and T 4 have now returned to 

infarct’ ' about two weeks later showing change characteristic of an anterior wall 
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type of onset of effort angina, no important differences could be discovered in 
these two groups. 

One of the cases with complete relief of anginal pain after local block of the 
somatic component is reported (Case 3). 

ILLUSTRATIVE CASES 

Case 1. Block by Local IiifiUration in Acute Myocardial Infarction . — 

First Myocardial Infarct: On April 30, 1943, when 73 years old. W. T., a white male phys- 
ician, experienced brief substemal and precordial pain once during the afternoon and once during 
the evening. This was the first time he had ever had chest pain. During the night he was awak- 
ened by a severe attack of substemal pain which radiated to both arms and was partially relieved 
by a tablet of glyceryl trinitrate, 0.6 mg., placed under the tongue. All the following morning 
dull pain persisted in the precordium. Because of his extreme discomfort, at 11:00 A.M. (May 1) 
a number of exquisitely tender spots in the left pectoral muscles were infiltrated with procaine 
hydrochloride (0.25 per cent solution), and the chest pain ceased immediately. The response of 
pain to therapy is shown in Fig. 1. 

During the preceding years, several acute episodes of pain in the low back, shoulder, and 
neck had each been promptly relieved by procaine infitration of the trigger areas in the appro- 
priate skeletal muscles. Because of the previous history of somatic pain arid its relief by local 
injection therapy, the patient disregarded the possibility that the present attack of chest pain 
might be of cardiac origin, and insisted on continuing his regular activities. 

On the following day (May 2), he drove to the country and worked in the garden. The next 
morning (May 3), he was awakened at 7:00 A.M. by severe substemal pain. One-half hour later, 
glyceryl trinitrate (0.6 mg.) was followed by appreciable diminution in pain. He remained in 
bed, but a heavy dull discomfort in the chest persisted during the day. At 2:00 p.m. an electro- 
cardiogram was taken (Fig. 2,B). Seven hours after the onset of protracted pain, several tender 
spots in the left pectoral muscles were again infiltrated with procaine. This procedure secured 
immediate and complete relief of pain (Fig. 1). 

Examination of the electrocardiogram showed evidence of myocardial damage as compared 
wdth the most recent control (Fig. 2, A), but owing to the long interval between these two records, 
the changes were considered compatible with, but not necessarily conclusive of, a recent myo- 
cardial infarct. 

On May 4 and 5, the patient reported that he was "feeling fine” and insisted on going to his 
office. On May 5, a second electrocardiogram (Fig. 2,C) was taken which showed serial changes 
in the T waves. The blood sedimentation rate was elevated, with a total fall of 32 mm. in one 
hour. In view of these findings, on May 7, about a week after the initial appearance of precordial 
pain and four days after the onset of more severe chest and arm pain, the patient was persuaded 
to accept the diagnosis of acute myocardial infarction, and although he had had no further pain, 
to remain in bed for a period of six weeks. Later electrocardiograms (Fig. 2,D) confirmed the 
diagnosis and showed the classical changes of an anterior wall infarct. 

The patient remained asymptomatic and made an uneventful recovery, although after the 
period of bed rest it required several weeks for him to regain his former vigor. There was no 
recurrence of pain following the second procaine infiltration during the ensuing two years. Follow- 
up electrocardiograms were normal on several occasions (Fig. 5.4). 

Second Myocardial Infarct: On May 29, 1945, the patient returned to his home at 5:30, 
p.M. and complained of substemal discomfort which disappeared after taking a tablet of glyceryl 
trinitrate (0.6 mg.). Subsequent questioning revealed that for four or five weeks previously he 
had not been able to lie comfortably on the left side at night because, this position induced a 
vague discomfort in the precordium and sensation of air hunger and constriction of the chest. 

On the night of May 29, the patient was awakened at midnight by a most intense substemal 
pain which radiated down the left arm and which was uninfluenced by repeated doses of glyceryl 
trinitrate (0.6 mg.) either then or later in the night (Fig. 1). Morphine sulfate (IS mg.) at 4:30 
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A M -ave negligible relief, and codeine sulfate (60 mg.) at 8:00 A.M. gave no relief. At 9:15 a.m., 
the pitient received a second dose of morphine sulfate (15 mg.) after which he became moderately 
comfortable for the first time since midnight. However, relief lasted for only a short while and 
the pain had returned to its previous intensity before noon. At this time (12:30 P.M.), twelve 
and one-half hours after the onset of protracted pain, two discrete areas of exquisite te'nderness 
in the left pectoral muscles and one site in the serratus anterior muscle in the axillary region 
(Fig. 3) were infiltrated with a 0.25 per cent solution of procaine hydrochloride. The second 
injection was followed at- once by the complete disappearance of pain. The restlessness and anx- 
iety vanished simultaneously and the patient remarked that for the first time he felt as if he could 
take a deep breath. The blood pressure, which ordinarily was about 160/90, at this time vas 
120/80. The rectal temperature was 97.5° F. (Fig. 4). After the local infiltration, the patient 
slept most of the afternoon and had no recurrence of pain and no further analgesic medication. 
.A, diagnosis of a fresh myocardial infarct was made. 



Fig. 3. — Case 1. Second infarction. Dots mark localized areas of deep hyperalgesia discovered 
in the precordial region following onset of cardiac pain. Procaine infiltration of trigger areas in the 
muscle at these two sites immediately abolished deep tenderness and also constant chest pain initialed 
by cardiac lesion. 


The clinical course is shown in Fig. 4. At 9:00 .\.M. on the following morning (May 31' 
the rectal temperature had risen to 99.6° F., and the blood pressure had dropped to 95/60. A 
electrocardio^am (Fig.5,B) revealed the QjTj pattern of an anterior wall infarct. At 4:30 p.j 
sedimentation rate was 31 mm. at the end of one hour, and the rectal temperature wa 
• • n patient was hospitalized at this time. On admission he did not appea 

cnticatly 111 The blood pressure was 106/70 and returned gradually to a level of 140/80 at th 
Tb a temperature returned to normal on the sixth dav after the onsei 

ill? to 42 mm. in one hour, and wa 

. elevated on the day of discharge. The white blood cells on the dav of admission were 10,7C 
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per c.mm. and returned to norma! coincident with the disappearance of fever. Subsequent elec- 
trocardiograms (Fig. 5,C and D) confirmed the diagnosis of acute coronary' thrombosis with in- 
farction of the anterior wall. 

The patient was asymptomatic during the entire hospital stay. Owing to changes in our 
views regarding bed rest, he was allowed out of bed in about three weeks, and went home four 
weeks after the^ onset. At the present time the patient is physically active, and has had no 
recurrence of pain during the intcr\"ening two years. The blood sedimentation rate in November, 
1946, was 13 mm. at the end of one hour, and the electrocardiogram was normal. 



Commenl-. The observations in this case attest the role of the somatic 
component in cardiac pain. Two separate myocardial infarctions occurred two 
years apart. The diagnosis each time was substantiated by unequivocal serial 
changes in the electrocardiogram and by signs of tissue necrosis. Each in- 
farction was accompanied by protracted chest pain which was completely relieved 
at once by local infiltration of the appropriate areas in the pectoral muscles 
seven and twelve and one-half hours, respectively, after the onset of cardiac pain. 
The relief of pain in the first instance lasted until the next infarction, and in the 
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second instance, has persisted to the present time. Thus, local injection therapy 
obviated the need for narcotic drugs and simplified the general management of 
the patient. There is no evidence, however, that such therapy altered the 
course of the disease. 


a ' ■' B - ■ ^ 



Fig. 5. Case 1. Second infarction. Serial changes of a fresh myocardial infarct. A, Tracing 
Uken one and one-half years after the first, and six months before the second infarct. Normal record. 

Record taken about forty hours after onset of severe chest pain, and t-vs'enty-eight hours after com- 
plete relief of pain by procaine infiltration. Note inversion of Ti and T 4 . C and D, Records taken on 
the sixth and* twenty-sixth days of illness. Note persistence of inverted Ti, but restoration of T 4 to 


In the case of the first infarction, the erroneous assumption was made at 
first that since local block of the trigger areas in the skeletal muscles abolished 
pain, the pain must be of somatic origin. It is important to recognize that a 
visceral etiology of pain cannot be excluded by the fact that pain disappears 
after local block of trigger areas in somatic structures. 


in Sl ff'u Chloride Spray in Acute Myocardial Infarction.— At 3:30 p.m. on Oct. 

piment wo Srif T ^ his family. L. Lu., a 52-year-old white male 

?heTeck to tS precordial pain which radiated to the left side of 

ofadmil arm to the Ongers'. He was hospitalized at once, 

was no SSnea ill man in obvious distress. There 

largeS tK were The heart was not en- 

The blood pressure was 150/90^ ventricular rates were 72 per minute, 

or spleen. There was no edema The^f ^ There was no enlargement of the liver 

blood sedimentation me was 10 mm. at rhSl7aVhom."‘"“ "" 

respectively! wSlhowerse™chSgL°Sg^^ and one_half hours after admission. 

t, t ig. o,A and B). In the first record there was depres- 
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Sion of the S-T segments and T waves in Leads I and IV, and in the second, the configuration of 
these waves had returned to normal. 

Because of severe, steady pain, the patient received demerol, 100 mg. every four hours, sub- 
cutaneously. When we saw the patient twenty-three ho.urs after the onset of pain, he was still 
nauseated and complained of constant "squeezing and pressing’’ pain across the whole sternal 
and precordial regions and also in the left jaw, neck, and shoulder. Three circumscribed areas 
of e.vquisite tenderness to pressure were discovered in the precordial region over the second, fourth, 
and fifth intercostal spaces, respectively. 


'.A . ■ , ■ . / ■ - B ' ” C I) 



Fig. 0. — Case 2. Serial changes of a recent 'myocardial infarct A, Electrocardiogram taken one 
hour after onset of precordial pain. Note depressed S-Ti with diphasic Tj; elevated ^-T 2 and S-Ts; 
and depressed S-T 4 tvith inverted T4. B, Electrocardiogram taken four hours after first graph. Note 
appearance of Qo and Qj. T waves in Leads I and IV are now elevated, C, Record taken twenty- 
three hours after onset of symptoms and immediately after ethyl chloride spray. Note Q3T3 pattern in- 
dicative of posterior wall infarction. Marked prolongation of A-V conduction is also present. D, Trac- 
ing taken thirteen days after onset of symptoms. The F-R interval has returned to normal. 

Each of these tender spots was sprayed for from eighteen to twenty-five seconds with ethyl 
chloride, that is, until blanching or light frosting of the skin occurred. The entire procedure 
required approximately seven minutes. As the last of the trigger areas was thus blocked, the 
patient stated that the pain in the chest was completely gone. Within one-half hour, the patient 
had fallen asleep. Analgesic medication was stopped and no further pain occurred during the 
hospital stay despite the subsequent appearance of the usual signs of circulatory collapse and 
tissue necrosis (Fig. 7) \vhich characterize an acute myocardial infarction. 

The clinical course is shown in Fig. 7. The blood pressure fell on the second day to 90/50, 
and rose to 116/70 on the next day; it remained approximately at the latter level until discharge. 
The temperature rose to 101“ F. on the third day, and returned to normal by the fifth day. The 
sedimentation rose to 85 mm. in one hour on the fifth day, and then gradually dropped to a level 
of 25 mm. on the eighteenth day.’ The white blood count, which was 13,000 per c.mm. on the 
third day, had fallen to normal by the eighth day. Further electrocardiograms revealed the 
changes characteristic of a posterior wall infarct as seen in the record taken on the fourteenth 
day (Fig. 6,D). 
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The patient was discharged from the hospital on the twenty-third day. He was observed 
for about six months following this infarction. He was hospitalized once because of acute in- 
fectious arthritis which responded to salicylates. He has had no recurrence of chest pain refer- 
able to the heart. 
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Fig. 7. — Case 2. Clinical course and results of laborator>' tests. Note discontinuation 
of demerol aftei reiief of pain by ethyl chloride spray. 


Comment-. As in the case of local infiltration of somatic trigger areas, 
complete and immediate relief of pain initiated by an acute myocardial infarction 
was obtained in this patient by ethyl chloride spray of the appropriate trigger areas 
in the precordium. The simplicity of the latter procedure recommends its early 
trial. However, in those instances in which the trigger areas are located as much 
as one inch or more beneath the surface of the skin, local injection may have to 
be substituted for ethyl chloride spray. It should be pointed out that other factors 
besides the depth of the trigger area, such as the chronicity of pain, may determine 
the choice of the procedure for local block in a particular case. 
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As might be expected, the abolition of pain by ethyl chloride spray did not 
prevent the subsequent appearance of signs of tissue necrosis or serial changes in 
the electrocardiogram, which establish the diagnosis of a recent infarct. 

The prolongation of the P-R interval (Fig. 6,C), which was noted immedi- 
ately after spraying with ethyl chloride, occurs so frequently as a transitory 
phenomenon in the course of acute myocardial infarction that in all probability 
it bears no relation to the use of ethyl chloride spray. An insufficient number of 
electrocardiograms were taken to answer this question. 

The mechanism of action of ethyl chloride spray is not known.' It is 
interesting, however, tliat Gammon and Starr" found that the interrupted applica- 
tion of cold (4 to 10 C.) caused marked diminution of experimentally induced 
deep muscle pain, and attributed this effect to a poststimulatory depression of the 
central nervous system. 

Cask .1. Effort Angim With Enstinfarctwu Onsel.-~K. Z., a 54-year-oId Italian carpenter, 
was seen on June 21, 19-15. For about three months he had noticed occasional mild pain in 
the cliest on e.vertion. About six weeks previously, on May 7 (VE Day), he e.vperienced a severe 
and protracted attack of clicst pain which began after fixing the coal furnace early in the morning. 
I’ain was oppressive across tlie upper part of the sternum. He put cold towels on his chest and 
was “very short of breath, but felt ail right so long as sitting down,” He was not nau- 
seated. The "pressing” pain continued in the sternal and procordial regions all day until the 
doctor came at 6 or 7 I’.M. and gave him “a hypo and some pills.” He was told that he had had 
a heart attack. The p.alicnt remained in bed at home for one week. He did not take his tem- 
perature. There was no electrocardiogram or other laboratory c.xamination. 

During the .«ix weeks following this episode of pain, effort angina was marked. On walking 
a short distance, jjain started around the left costal margin and spread antcriorh’ over the entire 
sternum and occasionally across the front of the chest to the right side, ft radiated frequently 
t o the left interscapular region and sometimes to the left shoulder and upper arm. The pain came 
on sooner after effort late in the day than in the morning. 'I'hcre was no nocturnal pain. There 
was no dyspnea: the patient insisted that it was pain which stopped him from walking and not 
shortness of breath. There was no cough or edema. 

'Fhc patient had been unable to work since the "heart attack." The course was apparent!}' 
stationan,'; the anginal pain had become neither better nor worse during the six weeks’ period. 

The patient had been persuaded to give up smoking during this time, although he was always 
a heavy smoker of cigars. He had also markedly reduced his consumption of alcohol, which had 
been fairly regular, with intermittent sprees. He was taking no medication, although he had 
been given some tablets for pain which he preferred not to take because he said that the pain 
stopped anj’way in about five minutes if he rested. 

The previous history revealed that tlie patient had nev'cr been subject to "aches and pains" 
except for occasional mild low back pain. He had always led a very active life with little atten- 
tion to his health. He had had no serious jlinc.sses and no operations. 

On physical examination (June 21), the patient appeared well nourished and muscular. The 
heart sounds were somewhat distant, with a soft systolic murmur at the apex. The heart did 
not appear enlarged, 'fhe pulse and ventricular rales were 80 per minute ; the rhythm was regular. 
The blood pressure was 155/85. There were no signs of congestive failure. The liver edge was 
not palpable. The radial arteries were moderately thickened. The oscillometric readings were 
normal for all four extremities. The reflexes were normal and vibration sense was good in the 
fingers and toes. Blood Wassermann was negative. Blood sedimentation rate was 30 mm. 
in one hour. The electrocardiogram (Fig. 8,A) showed changes characteristic of an anterior 
wall infarct of the myocjvrdium. 

Palpation of the muscles revealed locali/.cd areas of exciuisilc tenderness, especially in the 
left pectoral muscles, but also in other muscles of the left shoulder girdle. There was no specific 
limitation of motion, although the patient was in general "muscle bound." 



262 


AMERICAN HEART JOURNAL 


At the first visit, a group of trigger areas in the left pectoralis major muscle along the sternal 
border and two such tender areas located more laterally, probably in the pectoralis minor muscle, 
were infiltrated with procaine. A total of 20 c.c. of a 0.5 per cent solution of procaine hydro- 
chloride (100 mg.) was used. The insertion of the needle into the myofascial structures at these 
sites of tenderness set off intense pain reference to the sternum, precordium, front of the shoulder, 
or interscapular region on the left side. The patient was always able to give a clear description 
of the spread of pain, which corresponded closely with the predictable reference from the trigpr 
area .in question. Tablets of glycer 3 d trinitrate were given him, but it may be said at this point 
that he never used them. 


A . 



6 - 2^45 . : 


Fig. 8. — Case 3. Serial changes of myocardial infarction. A, Tracing taken about six weeks 
after acute attack of severe chest pain. Note presence of Qi and Q4 and inversion of Ti and T4. B, 
Tracing taken five months later, after relief of effort angina by local block of somatic component. Note 
return of Tj and T4 toward normal, but persistence of Q4. 

At the second visit one week later, the patient reported striking improvement. He had had 
no pain after walking several blocks, except once when dull precordial pain appeared after walking 
five blocks; this tvas not severe and stopped promptly on resting. He had started to work 
around his house, and prior to coming to the office, made four trips from the cellar to the second 
floor carrying a window sash each time, without appearance of pain. At this visit, three tender 
areas in the precordial muscles were infiltrated, and also a larger mass of muscle in the left infra- 
spinatus. When stimulated by the needling, trigger areas in the latter muscle repeatedlj* set off 
an intense reference of pain in the shoulder and anterior deltoid region. Twice as much of the 
procaine solution was used for the second as for the first treatment. No more than this amount 
was employed at subsequent treatments. 

At the third visit, again a week later, the patient said that he could now walk any distance 
without pain, and that he had returned to work as a carpenter in a wartime shipbuilding plant. 

e a worked the three preceding nights on the night shift for nine, nine, and seven hours, re- 
spectively, without ill effects. His only complaint was that for one day he had had sharp, inter- 
mittent pain over the left scapula, apparently unrelated to effort. At this visit, trigger areas 
were found deep m the left internal rotator muscles of the shoulder (subscapularis and teres major). 
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which on infiltration set off an intense reference of pain to the region of spontaneous pain over 

the scapula, as well as along the inner aspect of the upper arm as far as the medial cpicondyle of 
the elbow. 

At the fourth visit one week later, the patient reported practically no pain, and he had worked 
four nights for nine and one-half hours each. His only complaint was of occasional low-grade 
interscapuiar pain. Trigger areas were again found in-the internal rotator muscles of the left 
shoulder, and on infiltration the pain reference matched the distribution of spontaneous pain. 
At this time, little tenderness could be elicited by palpation of the left pectoral muscles in the 
previous areas of deep hyperalgesia, and on needling the slightly tender spots in theprecordium, 
the pain perceived was negligible and was felt only, locally at the site of needling. 

At the fifth visit on July 27, after an interval this time of two weeks, the patient said that 
he had worked seven nights during the first week and six nights during the second, without pain. 
The work was fairly heavy but he said that he “took it easy and didn’t hurr>\’’ He complained 
however of “a light choking feeling in the throat” which began after walking eight blocks with 
a box of heavy tools on his back and which had persisted off and on ev'er since. This disagree- 
able sensation was traced to trigger areas present in the uppermost sections of the pectoralis major 
muscles on both sides close to the sternum and the clavicles, which set off a reference of pain to 
the sternum at this level and to the upper part of the trachea. Trigger areas located in the inferior 
end of the medial heads of the sternomastoid muscles were also infiltrated and induced an upward 
reference of pain over the sides of the neck. 

Subsequently, the patient was seen once a month for five months. He continued to work 
regularly except when he was “laid off” for a couple of weeks after closing of the war plant on 
September 10. During this five-month period, he had no real chest pain, in spite of strenuou.s 
physical activity which included lifting and carrying lumber, A good part of his carpentry- was 
done outdoors on the exterior of the ships, even in cold and stormy weather. Minor complaints 
of shifting low-grade pain in the left lower lumbar, left shoulder, right pectoral, and epigastric 
regions were relieved in each instance by local procaine infiltration of trigger areas in the appro- 
priate rnuscles, the pain reference from which reproduced the spontaneous pain described. The 
monthly blood pressure readings were as follows; 142/88, 120/60, 110/60, 110/70, and 150/95. 
The soft systolic murmur at the apex disappeared. Signs of congestive failure were absent. On 
November 9, the blood sedimentation rate was 20 mm. in one hour, and the electrocardiogram 
(Fig, 8,B) had returned essentially to normal except for a deep Q^. The patient had gained about 
ten pounds and had not resumed smoking. 

^The last observation of the patient was on Dec. 6, 1946. At this time, activity was slightly 
limited in that if he worked hard and at the same time hurried, he occasionally felt a tightness 
across the upper part of the sternum or in the epigastrium which disappeared promptly on resting. 
However, this did not bother him enough to keep him from working and did not seem to warrant, 
further treatment. 

Comment: In this case, severe effort angina precipitated by an acute 
myocardial infarct caused total disability from work for a period of six weeks, 
and showed no tendency tONvard spontaneous improvement even though the 
patient had given up smoking and drinking. After this "control” period, the 
first local block of the most conspicuous trigger areas in the precordial muscles 
afforded about 90 per cent relief of the anginal pain. Within a few days after the 
second local infiltration one week later, the patient returned to his previous hea\y 
work in wartime ship construction. During the ensuing five months of observa- 
tion he continued at his job without loss of time and with freedom from anginal 
pain, even though he worked outdoors during inclement weather often seven 
nights per week. 
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DISCUSSION 

Experimentation in animals and human subjects has led to controversy as to 
whether local anesthetization of the somatic tissues in the area where pain is per- 
ceived can block the referred pain induced by direct stimulation of a viscus. 
A complete analysis of this subject would be out of place in this report since the 
problem has been recently reviewed.^^ However, it may be pertinent to note that 
the discrepancies in the literature probably arise at least in part from differences 
in the character of the stimulus employed, in the nature of the tissue (super- 
ficial or deep) infiltrated with procaine, and in the technical difficulties in the way 
of complete anesthetization of the deeper structures in the area of visceral pain 
reference. After consideration of such variables and on the basis of their owm 
experiments, Wolff and Hardy^- conclude: “When pain results from the persist- 
ence of primary visceral or other deep noxious stimulation and is associated with 
[somatic] hyperalgesia, its intensity may be modified by superficial and deep 
procaine infiltration in the hyperalgesic zones.” 

Our data suggest that the somatic trigger mechanisms which apparently 
mediate referred cardiac pain are usually located within the skeletal muscles, 
although they may reside also in the skin. In the latter instance, cutaneous 
as well as deep hyperalgesia is present, and a reference of pain may often be 
elicited by mechanical stimulation of the skin itself. One would expect surface 
anesthetization to reduce pain only when hyperalgesia of the skin is present, 
since it has been found^^ that the effect of procaine infiltrated at the site of 
hyperalgesia and referred pain (induced by-tooth stimulation) is the more dramatic 
the greater the hyperalgesia and headache previously produced. We have 
observed, however, that ethyl chloride spray may be effective in relieving referred 
pain even when no hyperalgesia of the skin is detectable. Although the mechan- 
ism of action of this agent in blocking somatic trigger mechanisms is not yet 
established, the superficial nature of its effects'^ for the technique employed sug- 
gests the possible importance of tactile and other stimuli from the relatively 
normal skin in the maintenance of the pain cycle. It has been inferred that 
reinforcement of the effects of noxious stimuli by nonnoxious stimuli takes place 
within the association areas of the cerebral cortex. 

Our observations indicate further that the noxious stimuli from the heart, 
continuing after acute myocardial infarction, are of such a nature that the pain 
cycle initiated by this event can usually be blocked at the somatic component. 
Why this is so can readily be understood in the case of the constant pain which 
may continue for hours or days after such brief trauma to the heart. The condi- 
tions may be regarded as analagous to those which exist in joint sprain when pain 
is immediately and permanently relieved by temporarily blocking the trigger 
mechanisms established in the periarticular structures, in spite of the persistence 
o gross signs of trauma.' One may assume that in the postinfarction cardiac 
pain syndromes, the initial insult to the heart leads to the rapid development of 
-omatic trigger areas within the so-called “reference zone” of the visceral lesion, 
boon after the activation of the somatic trigger mechanism, the noxious im- 
pulses from the primary source in the heart cease spontaneously, and the con- 
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tinuation of pain then depends on an autogenic cycle of nerve impulses main- 
tained by the secondary sources in the somatic structures. Blocking the somatic 
component may be expected permanently to abolish pain when the soma-sensorium 
pain cycle has become self-sustaining without further dependence on afferent 
impulses from the heart (Fig. 9, Stage III). 


CLINICAL TYPES OBSERVED EXPLANATION OF CLINICAL DATA 


SOMATIC RELIEF BY BLOCKING THEORETICAL 

TRIGGER AREAS SOMATIC COMPONENT STAGES 


SOURCE OF 
NOXIOUS IMPULSES 


ABSENT 


1. VISCERAL 





NONE OR PARTIAL (DEPEND- 
ING ON PREDOMINATING PATH- 
WAY) 


PRESENT 


< 


COMPLETE, BUT TEMPORARY 


V 


COMPLETE AND PERMANENT 


A 

n VISCEROSOMATIC 


B 


III. SOMATIC 




9, Interpretation of results of local block of somatic component In cardiac pain. Stage I 

represents direct stimulation of sensorium by high intensity stimuli from heart, as in onset of coronary 
thrombosis or insufficiency. In many patients process ends here without progression to Stages II and 
III Stage II represents continuation of. process in heart with development of somatic trigger areas 
continually reactivated by noxious impulses from the heart, as in effort angina. The dotted arrow 
B suggests that no.xious impulses may also travel from somatic trigger areas back to the heart. Stage 
III represents termination of process responsible for noxious impulses from heart. Somatic trigger 
mechanisms are now independent and are the sole source of impulses to maintain the pain cycle, as in 
jirotracted pain after myocardial infarction. 


' In the case of the intermittent pain (effort angina) precipitated by acute 
myocardial infarction, it is somewhat harder to understand why blocking the 
somatic component modifies pain for any length of time, since it is clear that a 
primary source of noxious impulses is still present in the heart. One would 
anticipate that, under such circumstances, constant reactivation of somatic 
trigger mechanisms would occur as the result of the intermittent barrage of fresh 
impulses from the heart, and that, therefore, block of the secondary sources 

would produce only temporary or negligible benefit. 

One explanation of the good therapeutic results actually observed m this 
group of cases is based on the concept that spatial summation of cardiac and 
somatic impulses occurs in the central nervous system.^^ Thus, it is conceivable 
that when the stimuli initiated in the heart are subthreshold, the sensorium does 
not register pain unless they are reinforced by stimuli from somatic trigger areas 
(Fig. 9. Stage II, yl)- One may postulate further that these subthreshold stimuli 
from the heart are no longer capable of activating ncTV trigger areas after those 
initiated by high intensity stimuli at the time of infarction have been removed by 
local block. That pain impulses may at times travel directly from the heart to 
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the brain without mediation,, of somatic structures is suggested by our failure to 
demonstrate trigger areas in' the precordium in some patients with acute myo- 
cardial infarction or effort arigina (Fig. 9, Stage I), 

Another explanation! ^dr the protracted relief of postinfarction effort angina 
by local block therapy is based on the possibility that the somatic trigger mechan- 
isms contribute to the perpetuation of the primary source of pain (Fig. 9, Stage. 
11,5). Although our data provide no evidence that noxious impulses from 
somatic trigger areas may modify conditions in the heart, the inference that such 
reflex effects may occur receives support from the work of several investigators. 
Lindgren^® showed in acute experiments that anginal pain in subjects with coro- 
nary artery disease was reduced or abolished during local anesthetization of pre- 
cordial structures, as measured by changes in anoxia and exercise tolerance tests; 
this effect was attributed to improvement in the coronary circulation during local 
block of somatic impulses. Furthermore, it has been shown that reflex vasocon- 
striction in localized areas of another visceral system, namely, the brain or 
spinal cord, may accompany activity of somatic trigger mechanisms, and that 
localized vasodilatation in the central nervous system may follow local block of 
the appropriate somatic trigger areas.^®-^’^ If comparable relationships apply to 
the heart, local block of the somatic trigger areas concerned in the reference of 
cardiac pain would result in release of coronary vasospasm and possibly, there- 
fore, in removal of the primary source of noxious impulses in the heart. 

The unsatisfactory response to local block therapy in the group of patients 
with effort angina due to progressive coronary insufficiency indicates that such 
intermittent work-ischemia of the heart muscle provides conditions unlike 
those which exist in postinfarction effort angina. Two possibilities present 
themselves to explain the relatively poor therapeutic result in angina of gradual 
onset. It may be that the fresh impulses initiated in the heart with each attack 
of pain are of an intensity and duration adequate for the continual reactivation 
of somatic trigger areas (Fig. 9, Stage 11,5). Or a preponderance of these fresh 
impulses may travel directly to the sensorium, so that spatial summation of 
cardiac and somatic impulses is not essential for the perception of pain (Fig. 9, 
Stage II, .i4). In either instance, local block of the somatic trigger areas would 
be expected to afford negligible or temporary relief of anginal pain. 

Our interpretation of the results of local block therapy as presented in the 
foregoing and as shown schematically in Fig. 9, is in harmony with the categories 
of referred pain recently formulated by Wolff and Hardy 

It is to be hoped that theoretical considerations regarding neurophysiologic 
mechanisms will not obscure the clinical value of local block procedures for the 
symptomatic relief of cardiac pain. The crucial nature of our observations in the 
subjects with continuing pain after acute myocardial infarction leaves no room 
for doubt that under suitable conditions cardiac pain may be abolished by 
local block of the somatic component. Furthermore, the importance of eliminat- 
ing all possible factors which may induce reflex spasm of collateral coronary ar- 
teries IS emphasized by experiments which show that interruption of the reflex 
arc by ablation of the cardiosensory pathways appreciably lowers Ae mortality 
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rate following ligation of the coronary arteries in dogs.^^ xhese findings, together 
with the obser\^ations of Lindgten/® undermine the concept occasionally en- 
counteied that pain, especially anginal pain, is a protective mechanism to limit 
the load placed on the myocardium with an inadequate coronary circulation. 

SUMMARY AND CONCLUSIONS 

1.. Observations were made ‘in thirty-one subjects with chest pain due to 
inadequacy of the coronar^^ circulation, who presented trigger areas in the muscles 
of the precordium. 

2. Local block of the somatic structures concerned in the reference of 
cardiac pain w^as carried out either by infiltration of the appropriate trigger areas 
\yith a solution of procaine hydrochloride (0.25 to 0.5 per cent in physiologic 
saline), or by spraying the skin overlying these trigger areas witli ethyl chloride. 

3. The cardiac pain syndromes -which responded to local block of the somatic 
component were those precipitated by an acute myocardial infarct. This was 
true for the constant chest pain which failed to subside after infarction (four 
subjects), and for effort angina wfiiich first appeared shortly after infarction 
(tAvelve subjects). 

4. Unsatisfactory results w'ere obtained by local block in effort angina 
(fifteen subjects) -which either antedated the first infarct or w^as not accom- 
panied by a knowm myocardial infarct. 

5. The difference in the therapeutic response observed for the two general 
modes, of onset of effort angina was not attributable to differences in age or sex 
distribution, duration of anginal pain, or incidence of hypertension. 
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COMBINED HEPARIN-DICUMAROL THERAPY OF MYOCARDIAL 

INFARCTION 

A Clinical and Pathologic Study 

Hllen I. Glulck, M.D., Victor Strauss, M.D., John S. Pearson, M.D., 

AND Johnson McGuire, AI.D. 

Cincinnati, Ohio 

T TNTIL recently, anticoagulants have been used largely in the treatment of 
venous thrombosis and peripheral arterial occlusion. However, both 
experimental and clinical evidence has accumulated to indicate that anticoagu- 
lants may also have their place in the treatment of coronary thrombosis and 
m3'6cardial infarction. Solandt and Best* demonstrated that heparin could 
prevent coronary thrombosis experimentally induced in animals. Solandt and 
associates- also showed experimental^ that heparin prevented the development 
of mural thrombosis over an area of injured cardiac muscle. Dale and Jaques® 
have shown that dicumarol prevented venous thrombosis in experimental ani- 
mals. Recenth^ Ogura and associates'* reported that, following myocardial 
infarction, there was evidence of increased coagulability of the blood. 

The use of anticoagulants for the treatment of myocardial infarction has 
become of especial interest to clinicians in the hope that certain complications 
could be averted. The frequent occurrence of mural thrombosis overhung a 
myocardial infarct and the subsequent occurrence of severe and often fatal 
emboli have been reported bj^ a number of authors."'"’ Recently, Nay and 
Barnes** have emphasized the high incidence of embolism occurring during the 
immediate convalescence from acute myocardial infarction. The work of Peters 
and co-workers, *- Nichol and Page,*^ and Wright*'* seems to indicate that dicuma- 
rol is of definite value in preventing emboli following myocardial infarction. 

Loewe and Hirsch*^ have shown that heparin will prevent occlusion of col- 
lateral veins after traumatic thrombosis of a larger vein. There is a latent period 
of twenty-four to seventy-two hours before dicumarol becomes effective. During 
this period, the clot in the coronary artery may extend in a retrograde direction, 
thus enlarging the area of infarction; therefore, it was thought advisable to ad- 
minister both heparin and dicumarol initially. When the prothrombin concen- 
tration in the blood was reduced to the desired level, heparin* was discontinued. 

From the Cardiac Laboratory of the Department of Internal Aledicine, University of Cincinnati 
College of Medicine, and the Cincinnati General Hospital. 

Presented at the Twentieth Scientific Meeting of the American Heart Association, Atlantic City, 
N. J., June 6 and 7, 1947. 

This study was made possible by a grant-in-aid from the Life Insurance IMedical Research Fund 
to the Cardiac Laboratory. 

••''The heparin for this study was furnished through the courtesy of the Al)bott Laboratories, North 
Chicago, III, 
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In order to evaluate combined heparin-dicumarol therapy, anticoagulant 
treatment was administered to alternate patients with myocardial infarction ; in 
all other respects, the therapy was identical. This study was begun independently 
in April, 1946, at the Cincinnati General Hospital and has continued since Feb- 
ruary, 1947, in collaboration with the “Committee on the Use of Anticoagulants 
in the Treatment of Coronary Thrombosis With Myocardial Infarction,” of the 
American Heart Association. 


PROCEDURE 

Treatment was begun as soon as a definite diagnosis of myocardial infarction 
could be established, employing the usual clinical,. laboratory, and electrocardio- 
graphic criteria. All patients were treated within twenty-four hours of the onset 
of symptoms, except two, who were treated on the second and third day, respec- 
tively. Anticoagulant therapy was not begun until an initial prothrombin and 
clotting time had been determined, using the capillary tube method. The usual 
initial dose of dicumarol consisted of 200 mg. orally, unless the prothrombin 
time was prolonged or the patient in severe shock. Simultaneously, 300 mg. of 
heparin were added to a liter of 5 per cent glucose in water and a continuous intra- 
venous drip was started at the rate of 20 drops per minute. Subsequently, the 
rate of the drip was regulated in accordance with measurements of the clotting 
time by the capillary tube method. The clotting time was determined at four- 
hour intervals, except between 12 midnight and 8 a.m. An attempt was made 
to maintain the clotting time between 8 to 10 minutes and the rate of the drip 
was increased or decreased accordingly. The required rate usually averaged 
between 20 and 25 drops per minute; an occasional patient, however, needed as 
much as 35 drops per minute. Although the capillary method was only relatively 
accurate, nevertheless, it seemed that this method was preferable to methods 
requiring repeated venepunctures. 

The prothrombin time was determined approximately twenty-four hours 
after the initial dose of dicumarol, and daily thereafter until the discontinuance 
of dicumarol on the twenty-first day. The prothrombin was determined by the 
method of Quick, using freshly drawn blood and a control plasma for each deter- 
mination. The results were reported not only as “prothrombin times,” but as 
percentages of normal concentration, using Quick’s curve and correcting for 
each lot of thromboplastin* which was freshly prepared each day. 

Heparin was discontinued when the prothrombin concentration fell to 20 
to 30 per cent of normal concentration which usually occurred between 
twenty-four and thirty-six hours after the first dose of dicumarol. The average 
patient required between 300 to 400 mg, of heparin during this period. Subse- 
quent dosage of dicumarol was administered only after the daily estimation of 
prothrombin. The importance of accurate laboratory determinations of the 
prothrombin concentration should be emphasized. An attempt was made to 
maintain the prothrombin concentration between 20 per cent and 30 per cent 
o norma l. The daily dosage varied from 0 to 250 milligrams. When the pro- 


*Difco Laboratories, Detroit, Mich. 
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thrombin concentration was above 30 per cent of normal, 100 to 200 mg. of 
dicumarol was administered; if below 20 per cent of normal, none was given. 
It should be understood that the dosage of dicumarol varied greatly from patient 
to patient, and that there was no true “standard dosage.’’ The total dosage of 
otir twenty-five treated patients during the twenty-one-day period of therapy 
ranged from SOO to 2,200 mg. of dicumarol. A period of twenty -one days was 
selected for therapy, since previous work had shown that by the twenty-first 
dav after mtocardiai infarction, the coagulation of the blood was no longer 
accelerated.' 


RESULTS 

The results are summarized in Tables I, II, and III. All patients tolerated 
the intravenous drip well. It Avas noted in many instances that the intensity of 
the pain and its duration seemed markedly reduced by the intravenous adminis- 
tration of heparin in glucose. No patient receiving heparin therapy suffered 
pain of longer duration than sixty hours after the institution of treatment; in 
fact, many were immediately relieved of. pain. Since no control observations 
using glucose alone were carried out, and since the psychologic factors associated 
with intravenous therapy may have played a role, further observations are neces- 
sary before conclusions concerning relief of pain by heparin, per se, can be drawn. 

Fifty cases of m^'ocardial infarction have been observed; twenty-five 
“treated’’ and twenty-five “untreated” patients. For purpose of brevity, 
“treated patients” indicates those receiving anticoagulant therapy, and “un- 
treated” those who did not. Five of the treated patients and three of the con- 
trols were observed in private hospitals; the others were patients in the Cincinnati 
General Hospital. It should be emphasized that in the Cincinnati General Hos- 
pital private nursing care was not available. The patients were given routine 
care on a large medical ward. Three of the treated cases and eight of the un- 
treated cases have died. All of the treated cases who died were found to have 
massive myocardial infarction at necropsy. None showed mural thrombosis or 
emboli. The case histories and pathologic findings of the three fatal cases who 
received anticoagulant therapy are appended. 

Case 9. — The patient was a 50-year-old white man. The present illness began on June 10, 
1946, w'ith vicelike pain in the chest accompanied by weakness, fainting, and perspiration. Six 
hours later, when admitted to the ward, the patient appeared acutely ill and in profound shock. 
The blood pressure when obtainable was 110/80, the pulse was extremely irregular, the rate vary- 
ing between 32 and 40 per minute. The heart sounds were heard with difficulty. The initial 
diagnosis was acute m^'ocardial infarction. An electrocardiogram showed complete A-V block 
with a slow idioventricular rate and classical signs of posterior infarction. Six hours after admis- 
sion the patient had a convulsive seizure which was followed by syncope. This was thought 
to be a Stokes-Adams. attack. 

Heparin, 300 mg., was administered intravenously. After determination of the initial pro- 
thrombin time (12,5 seconds), the patient was given 200 mg. of dicumarol. Twenty-four hours 
later, when the prothrombin time had increased to twenty-one seconds, heparin was discontinued. 
An additional 100 mg. of dicumarol was given, the total dosage in forty-eight hours being 300 
milligrams. On the second hospital day, two additional attacks of Stokes-Adams syncope oc- 
curred and the patient excreted only 100 c.c. urine in twenty-four hours. During this period, 
the heart sounds were barely audible and the pulse was frequently imperceptible. On the third 
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TAniAC I. Combined Heparin-Dicumarol Therapy in Acute Myocardial Infarction 



PATIENTS RECEIVING 

P.4TIENTS NOT RECEIVING 


ANTICOAGULANTS 

ANTICOAGULANTS 

Number 

25 

25 

Age (mean*) 

56.6 

58.6 

Sex 



Male 

88% 

72% 

Female 

12% 

28% 

Race 



White 

92% 

84% 

Negro 

8% 

16% 

Previous hypertension 

60% 

1 

44% 

Previous heart disease 

44% 

44% 

Previous coronary occlusion 

16% 

28% 

Cardiac enlargement 

48% 

44% 

Diabetes 

1 

20% 

0 

Treatment 



Dicumarol (mg.) mean dosaget ' 

1,421 

— 

Heparin (mg.) modal 

300 

— 

Digitalis 

12% 

40% 

Complications 



Emboli 

4% 

24% 

Congestive failure 

16% 

40% 

Shock 

12% 

12% 

Hemorrhage 

12% 


Duration of pain after admission 



(average)J 

18.6 hr. 

48 hr. 

Died 

12% 

32% 


♦Mean Treated Mean Control 

56.6 + 1.56 5S . 6 +1.47 

<r— 11.55 years 10.91 years 

Dift. = 2' years 
Pe ditl. = +2.14 years 

Dili. = 2.0 +2.14 years, which is not statistically siEnificant. Therefore both groups are 
identical as to mean age. 

tCalculations based on patients receiving entire course of therapy. 
tCalculations based on patients having severe pain after admission. 


hospital day the prothrombin time was 58 seconds, with a control of 14 seconds. By afternoon, 
two hours before death, it had risen to 120 seconds. One hundred twenty milligrams of vita- 
min K1 (menadion^) were administered without appiarent response. The urea nitrogen a few hours 
K ore death was /8 mg. per cent. The patient died fifty-ttvo hours after admission. 

Autopsy— Tha heart weighed 430 grams. The coronary ostia w'ere patent. The .trunk 
ranc es of both coronary arteries were tortuous and sclerotic. The right coronary' artery' 
thrombus about 4 cm. from orifice of the vessel. The clot measured 1 cm. in 
g • e epicar lum was smooth and contained two pin-point hemorrhages near the ape.v. 
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Kxaminaiinn of the m\ oamlimii revealed a large area of friable \-e!lo\v tissue involving the entire 
length of the posterior portion of the intraventricular septum. The endocardium was intact. 
Ihe remainder of the myocardium was somewhat brownish in color. The aorta was sclerotic, 
with mimerons dtill yellow plaques on the iniima. No evidence of gross or microscopic hemor- 
rhage was noted in an\' organ at autopsy. The brain likewise showed no evidence of hemorrhage. 

Ihe pathologic diagnoses were; (1) Far-advanced arteriosclerosis of the coronary arteries 
with recent occlusion of the right coronar\- artery by rupture of an atheromatous plaque and 
Mibsequeru thrombosis. (2) Acute progressive myocardial infarction of the posterior portion 
of the inteiweniricular septum. (3) IMarkcd chronic passiv’e congestion of the lungs, spleen, 
anti liver with central necrosis in the liver. (4) Possible toxic nephrosis (eighteen hours post 
mortem). (5) Alarked focal fibrosis of the alveolar walls of the lung, possible from an old pneu- 
monia. Marked chronic passive congestion of the lungs. 


C.t.SK 13. 1 his patient, an 80-year-o!d white woman, was admitted to the Cincinnati General 

Hospital on Nov. 14, 1046, and died the next day. The present illness began on the day of ad- 
mission with ;i feeling of constriction in the chest and precordial pain with radiation to the right 
shoulder and back. Her family noticed marked cyanosis of the lips. Two weeks before admission 
facial weakness and weakness of the right hand developed and persisted to the present admission. 
A midlhigh amputation of the right leg had been performed three years previoush’ in another 
hospital for diabetic gangrene. There had been no attempt to control the diabetes during this 
three-year interval. 

After the determination of the prothrombin time (12 seconds), 100 mg. of dicumarol was 
given by mouth and continuous intravenous administration of heparin was begun. During a 
twelve-hour period the patient received 200 mg. of heparin. It was noted that the pain, which 
had been intense on admission, diminished after the heparin was begun and no narcotics were 
given. One and one-half hours before death, the clotting time was reported as 7,5 minutes (Lee 
and White). The urine showed 1 plus sugar and 1 plus albumin. While speaking to the nurse, 
the patient suddenly died twelve hours after admission. 


Autopsy: When the breast plate was removed, about 200 c.’c. of dark red, clear fluid was 
found to be present in the left pleural cavity, and about 100 c.c. in the right pleural cavity. A 
few thin pleural adhesions were pre.sent. The blood flowed readily on cutting through the various 
tissues, and appeared to be more fluid than usual. The pericardial sac measured 15 cm. in its 
greatest transverse diameter in a chest that measured 30 cm. in its greatest diameter. On in- 
cision, dark red blood escaped from the pericardium, as if under pressure. .About 150 c.c. of 
fluid blood were present in the pericardial cavity. In addition, a soft, ‘‘current jelly” clot of 
blood, measuring about 6 mm. in diameter, surrounded the entire heart. It was estimated that 
between 250 and 300 c.c. of blood were present in the pericardial cavity. The pericardium was 
lined by smooth and glistening membrane. The thoracic organs were in their normal positions 
and relationships. 

The heart weighed 425 grams. On the epicardial surface of the posterolateral aspect of the 
left ventricle, about 3 cm. above the apex, there was an erosion measuring 1 cm. in length and 
2 mm. in width. This erosion Avas ragged in appearance. Higher up on the posterolateral aspect 
of the left ventricle, just below the atrioventricular margin, dark red mottling of the epicardium 
extended over a diameter of about 3 cm., but there was no erosion in this area. The left circum- 
flex coronary artery was moderately sclerotic but widely patent up to a point about 4 cm. from 
its origin. At this point, the artery became markedly narrowed for about 2 cm. of its length, 
and then its lumen again widened out. In the narrowed portion of this artery, where the lumen 
measured about 2 mm. in diameter, there was found a pink, soft, irregular mass elevated about 
1 mm. above the intima. This pink mass occupied about 1 cm. of the length of the artery. On 
making sagittal sections through the left ventricle, a diffuse, irregular dark mottling of the pink 
•myocardium was observed. This mottling was particularly noticeable between the erosion pre- 
viously mentioned, at the lower aspect of the ventricle, and the hemorrhagic area in the epicardium 
previously noted. This mottling appeared to extend in a few places as far as the endocardium. 
No communication Avas present betAA'een the ragged erosion and the chamber of the left ventricle 
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COMMENTS 



Died 18 hr. after admission 


Acute pulmonary edema and auricular 
fibrillation; died 19 days after admission 


Died 3 days after admission 

Recurrence 2 weeks after discharge; 
treated at homo; angina on effort 



Died 8 days after admission; cause of 
death, probable pulmonary infarct; no 
autopsy 

Died 8 days after admission; autopsy: 
septal infarct svith pulmonary emboli 

In 2 mo. ago, treated at that time with 
anticoagulants 

DIED 

o 

o 

+ 

o 

+ 

o 

-1- 

O 

o 

o 

+ 

-f 

o 

DURATION OF 

PAIN AFTER 
ADMISSION 

120 hr. 

120 hr. 



None 

Some dull 240 hr. 

24 hr. 

12 hr. 

Dull 240 hr. 

24 hr. 

None 

None 

24 hr. 
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POST. 
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-f 
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■ COMPLICATIONS 

SHOCK 
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OTHER DISEASES 

o 

o 
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Pneumonia 5 days 
after admission 
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Cholecystectomy 
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one of the eighty-two patients in Class I and Class II* had congestive heart 
failure, whereas seventeen of the forty-nine patients in Class III and Class IV 
presented this complication (Table VI). 


Table IV. Effect of Duratjo.v of Disease o.v Heart Failure 


DURATION IN YEARS 

. 

TOTAL PATIENTS 
IN GROUP 

PATIENTS NOT 

IN FAILURE 

PATIENTS IN 

FAILURE 

PER CENT 
PATIENTS IN 
FAILURE 

c^ 

1 

o 

26 

1 

25 

1 

4 

10-14 

32 

28 

4 

13 

15-19 

32 

26 

6 

18 

20 and over 

13 

10 

3 

i 23 

! 

Average duration 

— 

12.0 years 

17.0 years 

1 

Duration unknown* 

1 

28 

24 

4 

1 

14 


♦Patients who did not know they had heart disease until coming to clinic or without a history of 
previous rheumatic mt^nifestations. 


Table V. Effect of Age on Heart Failure 


AGE GROUPS 

IN YEARS 

TOTAL 

1 

1 

PATIENTS NOT 

IN FAILURE 

PATIENTS IN 
FAILURE 

PER CE.NT 
PATIENTS IN 
FAILURE 

Under 20 j 

20 

18 

2 

10 

20-29 

78 

69 

9 

12 

30-39 

29 

23 

6 

20 

40 and over 

4 

3 

1 

25 

Average age ] 

— 

24.3 

1 

27.8 

— 


A history of previous failure was likewise found to be significant. Every 
patient who decompensated during a previous pregnancy did so again during the 
observed pregnancy. However, 9 per cent of those who had never had failure 
before .developed it during the observed pregnancy (Table VII). 

It has been stated that when the aortic valve is damaged the patient faces 
a greater risk during pregnancy than when the mitral valve alone is involved.*®;-®'^® 
Our e.vperience does not confirm this observation. Table VIII shows that failure 

*Tho classification of the New York Heart Association was used:* 

Class I: Patients with cardiac disease and no limitation of physical activity; 

Class II (formerly 2a): Patients Avith cardiac disease and slight limitation of physical activity; 

Class III (formerly 2b): Patients with cardiac disease and marked limitation of physical activity; 

Class IV : Patients with cardiac disease and who arc unable to carry on any physical activity 
Avithout discomfort. 
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A probe introduced into the upper part of the myocardium at the posterolateral aspect of the 
left ventricle passed easily from the middle of the myocardium, emerging at the previously men- 
tioned erosion in the epicardium near the apex. The first sagittal cut, made midway between the 
erosion and the upper portion of the left ventricle, revealed about 5 c.c. of moderately congealed 
dark red blood trapped in the interstices of the myocardial wall. Moderate sclerosis was present 
in the other coronary arteries, and there was some narrowing of the left descending coronary 
artery about 6 cm. from its origin, but no other thrombi were present. 

Anatomic Diagnosis . — 

Gross: Coronary sclerosis, thrombosis of the left circumflex coronary artery, acute myo- 
cardial infarction of the posterior and lateral aspects of the left ventricle, and incomplete rupture 
of the ventricle into the pericardial sac, with hemopericardium and cardiac tamponade. 

Microscopic: (1) Advanced atherosclerosis of coronary arteries with recent rupture of an 
atheromatous plaque in the circumflex artery, and acute coronary thrombosis. Early fibroblastic 
activity at point of attachment and beginning endothelial proliferation would suggest the age of 
the thrombus to be about two to six days. No conclusive evidence of extension proximally was 
seen, since no fibroblastic activity' was seen in thrombus 4 mm. proximal to point of occlusion. 
(2) Extensive myocardial infarction, with marked neutrophilic reaction and early focal fibro- 
blastic activity (age, about two to six days). Several small, fresher infarcts, without reaction at 
edges of larger infarct, were observed. The largest one extended from the endocardium to the 
epicardium in the apical half of ventricle. (3) Extensive hemorrhage into the large infarct, 
with evidence of some continuity with circulating blood, since there was thrombus formation in 
some of the hemorrhagic masses in the myocardium, of a type which forms only in circulating 
blood. 


Case 19. — A 33-year-old man entered the hospital on Dec. 20, 1946, complaining of pre- 
cordial pain. About two months before entry, the patient noted dull aching pain in the pre- 
cordial region, brought on by exertion. This distress progressed gradually, and one month later, 
became relatively constant in character, with radiation to both sides of the neck, shoulders, arms, 
and occasionally to the back; the pain was aggravated by deep breathing. The patient walked 
about at night to relieve the pain, without much success. For about three years the patient was 
known to have had moderate hypertension and tachycardia. There was occasional palpitation, 
but no dyspnea. In 1938, a thyroidectomy for thyrotoxicosis was performed. 

Physical examination revealed the patient to be well developed and obese, and lying quietly 
in bed. The heart did not appear to be enlarged; the rhythm was regular; the rate, 132; the blood 
pressure, 120/95; and the second pulmonic greater than the second aortic sound. The heart 
sounds were distant. The remainder of the examination was essentially negative. An electro- 
cardiogram showed sinus tachycardia with sagging S-Ti and S-T: and flattened T waves. An 
x-ray film of the chest showed cardiac enlargement. On the day following entry, the patient had 
an acute attack of precordial distress and presented manifestations of shock, although the 
blood pressure was 132/94. Subsequently, he was treated with sedation, heparin, and dicumarol. 

ith the exception of a rise in temperature following this attack, the course thereafter appeared 
satisfactorj% and the prothrombin time was adequately elevated. At about 2 a.m. on January 
5, the patient developed dyspnea and thereafter rapidly became comatose. He died at 3:25 A.M. 
Jan. 5, 1947. 


Autopsy, The serous surfaces of the pericardium were smooth and glistening, but the sac 
contained approximately 120 c.c. of turbid yellowish fluid. The heart weighed 470 grams. There 
uas moderate dilatation of the right ventricle and an area of apparent softening over the left 
apical region. On section, a post-mortem clot was noted in both chambers. The right ventricle 
measured 3 mm. m thickness and the left ranged from 16 mm. at the base to 2 mm. at the apex, 
rn n- n portion of the apex of the left ventricle, for a distance of 4 cm., was discolored by 
rc(Jd|sh brown to bright yellow necrosis, and this process extended to the lower half of the inter- 

to *”oasuring 5 centimeters. These changes were obviously due 

> dial infarction. Elsewhere, the muscle was firm and beefy red. No mural thrombu 
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was noted. The main branch of the left coronarj* artery, at a point, J.5 cm. from h 
level^ of its bifurcation into the circumflex and descending branches, slsowed oceJu-- 
grayish brown f7.ved thrombus, which obtruded upon the orifice of tfje circumSle 
continued into the descending branch for a distance of 2 centimeter.--. Beyond 
which some calcification tvas noted, atheroma was slight in degree and the 
patent. The right coronary was not remarkable. 


fckdn ;!t thv 
'son by ,'i. f.rm 
x iiranch and 
thi'- ['Ht.jint. at 
himin.i w'.rv 


DISCUSSION 


An exact comparison bettveen the 'Treated” and the control groufi cannot Iw 
made, since autopsies were obtained in only three of tlic eight control jiatimits 
who died. Of the controls, the patient in Case 12 showed .septal infarction, nuir.sl 
thrombosis, and multiple pulmonary emboli- The patient in Ca.se Ig showed oki 
infarction involving the left ape.x of the heart, and a recent infarct involving tlsc 
posterior portion of the left ventricle as well ns tlie intraventricular septum, fh rr- 
lying the septal infarct was a large mural thrombus. The patient in Case 25 
showed infarction of the intraventricular septum, thrombosis of the righl aurirufar 
appendage, pulmonary emboli, and multiple small pulmonar\' infarct.^. Of die 
five remaining cases, one died in shock sixty -eight hours after admission, fhe sec- 
ond probably died of pulmonary infarction on the eighih day. The third died 
of shock eighteen hours after admission, and the fourth died of classical symptouu 
of pulmonary infarction on the nineteenth hospital day, while app.aretttly ins- 
proving. The fifth patient, who had persistent dyspnea throughout his illness, 
died suddenly on the twenU’-eighth day. An autopsy was not obtained in this 
case. 


From Table I, it would seem that only one (Case 10) of the treated [patients 
developed any signs suggestive of embolic phenomena (transient facial palsy and 
aphasia lasting twenty-four hours). These signs were noted when the pro- 
thrombin concentration was not sufitcienth’ depressed. This patient's compieU' 


recovery and the brevity of symptoms suggested vasospasm ratiier thati emboii.-ni 
as the cause of the neurological signs. Embolic phenomena occurred in six ol 
the untreated patients in from two to nineteen days after the onset nf oirunary 
thrombosis. 

Three of the treated patients showed evidence of hemorrhage. One pat sent 
(Case 13), who died eighteen hours after admission, was found to ha\-e rupture 
of the epicardial surface of the heart with 200 c.c. of blood in tlic fic-riairdiuni. 
It is doubtful, however, that this rupture was due to the anticoagulant tiicrapy, 
for the patient had received heparin for only twelve iiours. and the clot ring 
time one-half hour before death was only 7.5 minutes by the Lec-Whise nu riiod. 
The prothrombin time at the initiation of treatment (100 mg. dicuntan'!'. v/n- I 
seconds, with a control of 12 seconds. 


Another patient (Case 20) dex'cloped gross hematuria when the proriirundun 
concentration fell to 13 per cent of normal. Red blood cells disappearisi fr-an 
the urine after the administration of 60 mg. of menadione intra\’cTun!sly. Tim 
patient in Case 21 showed one tarry stool when the prothrombin concvnirats ci 
fell to 17 per cent of normal. The patient was given no specific thera?»y, auri no 
further evidence of hemorrhage was noted. 


Cl 
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All patients have been followed in the Outpatient Dispensary of the Cincin- 
nati General Hospital, the longest follow-up being one year and the shortest, 
one month. There have been recurrent myocardial infarctions in three of the 
treated and in one of the untreated patients. In the treated patients, the infarcts 
recurred two months, three months, and five months, respectively, after the 
patients’ discharge from the hospital. In the untreated patient, the new infarct 
occurred two weeks after hospital discharge. 


SUMMARY AND CONCLUSIONS 

1. Combined heparin-dicumarol therapy has been used in twenty-five 
cases of acute myocardial infarction ; twenty in the Cincinnati General Hospital 
and five in private hospitals. 

2. The control group of twenty-five patients was obtained by omitting 
anticoagulants in every other patient with myocardial infarction admitted to the 
hospital. Supportive treatment was identical in the treated and untreated cases. 

3. Although the series of cases is too small, and the variables of the disease 
itself too wide to make statistical analysis significant, it appears that the use of 
heparin-dicumarol adds no additional hazard to the treatment of acute myo- 
cardial infarction. 

4. There were eight deaths in the control series of twenty-five cases (32 
per cent) and three deaths in the series of twenty-five cases (12 per cent) treated 
with anticoagulants. 

5. Autopsies were performed on the three treated cases who died. Neither 
mural thrombosis nor embolism was present, although two of the patients died 
within forty-eight hours after the onset of symptoms. One patient showed in- 
complete rupture of the ventricle with hemorrhage into the pericardium. 

6. Emboli occurred in six of the twenty-five cases in the control series 
(24 per cent), and possibly in one of the twenty-five cases treated with anti- 
coagulants (4 per cent). 

ADDENDUM 

Since this manuscript was submitted, nineteen additional patients have been treated with 
anticoagulants and nineteen controls have been observed. Thus, forty-four patients have re- 
ceived anticoagulants and forty-four have served as controls. The mortality in the untreated 
group was 45 per cent; in the patients treated with anticoagulants, 20 per cent. In the control 
group, thromboembolic complications occurred in 27 per cent; in the group receiving anticoagu- 
lants, in 7 per cent. 


Dr. Pearl Zeek performed the autopsies on Cases 9 and 13, and Dr. Edward Gall on Case 19. 
Dr. T. J. LeBIanc, Professor of Preventive Medicine, College of Medicine, University of 
Cincinnati, helped in the preparation of the tables. 

Miss Lois Ames and Miss Jean Noertker gave technical assistance. 
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THE DETERMINATION OF THE PROGNOSIS OF PREGNANCY 
IN RHEUMATIC HEART DISEASE 


Joseph J. Bunim, M.D., and Jeanette Rubricius, M.D. 
New York, N. Y, 


T he opportunity to observe the clinical behavior of women with rheumatic 
heart disease who go through pregnancy made it possible for us to examine 
and evaluate the criteria recommended for selecting the good from the poor risks. 
One of the earliest studies in this field Avas made in 1878 by MacDonald^ who, 
on the basis of thirteen of his own cases and the reports of eighteen cases by 
others, emphasized valvular defects and certain specified symptoms as im- 
portant guides to prognosis. Much progress has since been made in establishing 
more dependable aids, and it is of interest that MacDonald’s pessimism, under- 
standable in the face of a 55 per cent mortality, has to a large extent disappeared. 
Credit for much of the advance made toward clearer thinking and sounder clinical 
judgment belongs to James Mackenzie, who approached the problem from the 
point of view of cardiac functional capacity. In 1921 he wrote, ^ “Estimation 
of the significance of murmurs, as of all other signs, should be based not on the 
murmur itself, but on the functional efficiency of the heart .... When ten 
or fifteen years after the causative rheumatic attack . . . the response to effort 
is good, then the outlook is favorable .... When there is marked inefficiency 
of the heart, shown by breathlessness on slight exertion, rapid pulse, or easily 
excited palpitation, then there is danger in pregnancy.’’ 

Most of the papers in the past twenty-five years support, amplify, or trans- 
late into more specific terms Mackenzie’s basic rules ; none question their validity. 
In general, the criteria for prognosis as advocated by most authors may be grouped 
as follows: (1) The amount and degree of structural damage to the heart; 
(2) the functional capacity of the heart; (3) arbitrary factors, such as age, history 
of previous failure, and auricular fibrillation. 

Not all observers are in agreement as to the relative significance of each of 
these clinical features. Indeed, several presumably conflicting opinions seem 
to exist. (These considerations will be taken up in the discussion.) In our 
experience many of the enumerated signs were found to be very useful, others 
less so. But it became clearer as our observations accumulated that when 
these various and apparently unrelated criteria were considered as part of a more 
inclusive factor, they attained increased meaning and usefulness. This factor 


Coll(^°S ^ledicine and of Obstetrics and Gynecology of the New York University 

PreSntS Lt University) Division of Bellevue Hospital. 

N. J., June G and 7 1947 ^ Scientific Meeting of the American Heart Association. Atlantic City, 


2 S 2 



BUNIM AND RUBRICIUS: PREGNANCY IN RHEUMATIC HEART DISEASE 283 

lies in determining where in the course of the natural history of rheumatic heart 
disease the individual patient belongs, and this has become the basic principle 
by which we make our decision. From this, one may prognosticate what the 
subsequent course is likely to be. Allow^ance has to be made for the additional 
work to be done by the heart during the second half of pregnancy. In primi- 
parous women this increment may be difficult to gauge by clinical means, but in 
multiparous w'omen the previous pregnancy usually constitutes a functional test 
of the capacity of the heart to do this extra amount of work. 

In utilizing this principle one presupposes a familiarity with the course of 
rheumatic heart disease. Such knowdedge is available and has been admirably 
presented by Cohn and Lingg^^ of the Research Committee of the New York 
Heart Association. This wdll be discussed more fully in the latter part of the 
paper. One also presupposes, and this is of fundamental importance, that preg- 
nancy itself does not alter the natural history of the disease. This w^e believe to 
be true and w-e wall present evidence to support such a contention. We also be- 
lieve that it has not been demonstrated that one or more pregnancies, if completed 
uneventfully, shorten the life of the patient. 

In determining prognosis according to the position of the patient in the 
course of her rheumatic heart disease, some degree of uncertainty wall, of course, 
limit the physician’s prediction. He is, after all, applying a general rule based 
upon observations on many thousands of patients to a single individual. But 
the magnitude of error inherent in this method we will show to be no greater than 
in the others. There are, on the other hand, several advantages to recommend it. 
It lends rationale to rules wffiich heretofore seemed arbitrary. For example, 
auricular fibrillation, universally accepted as an unfavorable sign, is of grave 
prognosis not because the arrhythmia per se is hazardous, nor because it presents 
therapeutic difficulties, but because, as has been pointed out by DeGraff and 
Lingg,^ it indicates that the patient has reached an advanced stage in her disease. 
Another example is the history of heart failure in the past, wffiich has a similar 
implication as wall be seen later. This method of determining prognosis also 
gives a cohesiveness to the several unrelated rules previously used and simplifies 
them in a manner wffiich facilitates clinical application. Finally, it enables the 
physician to predict several years in advance, as he is often asked to do wffien 
consulted premaritally, whether or not pregnancy will be reasonably safe at a 
given time in the future. It should be added that a recrudescence of rheumatic 
fever may alter and accelerate the course of the illness and thus invalidate an 
opinion based on the assumption that the heart disease would remain inactive. 
This would constitute a serious limitation were it not true that exacerbations of 
rheumatic fever are rare during the childbearing period. 

This paper is essentially an exposition of this basic principle of determining 
prognosis of pregnancy not by several arbitrary rules or physical signs alone, but 
by establishing what position the individual patient occupies in the natural 
course of rheumatic heart disease. 
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CLINICAL MATERIAL 

A prenatal cardiac clinic was established at Bellevue Hospital in 1939, and 
has been conducted jointly by the Departments of Medicine and Obstetrics 
of the Third (New York University) Division. Sessions were held in the general 
prenatal clinic, making it convenient for the patient to be seen by the obstetrician 
and the cardiologist during the same visit. 

Each patient included in this series was examined and studied by the authors.* 
The interval between visits varied from one week to one month, depending on the 
period of gestation and the cardiac status. Special attention was given to the 
history of rheumatic fever and, when possible, reports were obtained from other 
hospitals and clinics concerning the patient’s previous rheumatic manifestations 
and the course of her heart disease. In addition to the data on weight, height, 
blood pressure, hemoglobin, urinalysis, and Wassermann test, the vital capacity 
under uniform basal conditions was also determined at each visit. Teleroent- 
genograms and electrocardiograms were taken of the patients in the early and late 
ante-partum and again during the post-partum period. In cases where the 
diagnosis was in doubt a stethogram and esophogram were used as diagnostic 
aids. The final cardiac diagnosis was made by the same observer (J.J.B.) in 
conformity with the criteria set by the New York Heart Association.® This 
observer studied the course of adult rheumatic cardiac patients in one of the 
member-clinics of the New York Heart Association for many years. 

From October, 1939, to July, 1945, 131 women were observed through preg- 
nancy and puerperium. In eleven other cases pregnancy was interrupted because 
the prognosis was considered unfavorable.! In each of these cases sterilization 
was urged, for it was felt that one who was already a poor risk would be unlikely 
to improve as her heart disease advanced. 

The 131 patients were delivered of 133 babies. These included four mothers 
who gave birth to twins and two mothers who died undelivered. There were 
eighty-three spontaneous deliveries, thirty-nine forceps, and eight breech de- 
liveries. Cesarean section was performed on three patients for strictly obstet- 
rical reasons. We could see no indication to recommend this procedure on a 
cardiac basis.! 


OBSERVATIONS 

Maternal Mortality . — Table I lists the maternal mortality rate from rheu- 
matic heart disease reported in the literature from 1936 to 1946, inclusive. Re- 

*A numbor of patients failed to attend the ante-partum clinic and were seen by us for the first time 
at term on the obstetrical wards. No patient with rheumatic heart disease delivered on our obstetrical 
service was excluded from this series. 

tpurui^B the four years preceding the period of this study, from 1935 to 1939, thirty abortions 
were done for patients with rheumatic heart disease. 

cnfuiT*''' presence of rheumatic heart disease, per se, is no longer acceptable- as an indication for cesarean 

the d-iniTor occasionally be resorted to as a means of terminating prolonged labor in order to reduce 

sections were .inno *'cporting their own results in groups of patients where cesarean 

fatality rate is hiehpr compared with those where it was done infrequently agree that the 

risks were more likniv i ormer group. •' This may be attributed in part to the fact that the greater 

w^tl^lart disease^ «xerefore, important to note that among patients 

delivered abdominally (hystProtomv^or''ep'’* ^ significantly higher in the group 

umiiiaiij (Jijsterotomy or cesarean section) than vaginally.'’ 
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ports prior to 1936 were not included since they have been collected and pub- 
lished by Jensen. Those after 1936 show a striking reduction in mortality 
rates; from 9.38 per cent for the period between 1890 to 1922 to 3.24 per cent 
from 1936 to 1946. This advance is very likely a result of better understanding 

Tabue I. Reported Deaths A.mong Pregnant Women With Rheumatic Heart Disease 

(19.-56 TO 1946) 


AUTHORS 

YEAR 

NO. OF 
PATIENTS 

NO. OF 
DEATHS 

1 

PER CENT 
DEATHS 

Hay® 

1936 

66 

1 

1.5 

Henderson^® 

1936 j 

i 

76 

2 

2.6 

Hagedorn” 

1937 

50 

• 5 

10.0 

Harris'?* 

1937 

100 

1 

8 

8.0 

Lamb ' 

1937 

102 

7 

6.9 

McClure'^ 

1937 

69 

1 3 

1 

4.3 

Naish'J 

1937 

427 

! n 

2.6 

Pardee'®! 

1937 

50 

1 

2.0 

Carr'® 

1938 

44 

1 

2.3 

Turino and Antony’® 

1938 

1 102 

6 

5.9 

Lange'® 

1 1939 

1 322 

6 

1.9 

Clahr, Klein, and Greenstein'® 

t 194U 

, . 181 

4 

2.2 

Jensen, Wegner, Ke 3 's, and Smith®' 

' 1940 

108 

8 

7.4 

Gorenberg and McGlearj'®®f 

[ 1941 

345 

10 

2.9 

Hamilton and Thomson® 

1941 

781 

37 

4.7 

Bramwell and Longson®® 

1942 

. 312 

i 22 

7.1 

Brown and Sage® 

1942 

; 32 

1 

3.1 

Gorenberg®' 

1943 

223 

! 8 

1 

3.6 

Jones®® 

1943 

74 

4 

5.4 

Sampson®® 

1943 

60 

0 

0.0 

Mendelson® , 

1944 

1,089 

8 

0.7 

Scott®® 

1944 

114 

3 

2.6 

Bunim and Rubridus 

1947 

142 

2 

1.4 

Total 

i 

4,869 

I 

158 

3.24 


♦Only deaths occurring within thirty days post partum were included in this table. 

{Three additional deaths’ occurred after discharge from hospital from subacute bacterial end 

carditis, coronary thrombosis, and “unspecifiel cause, respectivelj . ^ 

jThe authors state that 95 per cent of the patients had rheumatic heart disease. 
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of heart disease and its treatment, more skillful and conservative obstetrical 
management, a closer cooperation between the obstetrician and the internist, 
and the advent of chemotherapy. Some reports from abroad have not been in- 
cluded because they are still unavailable in this country. Other reports, both 
foreign and American could not be included because the authors did not 
specify the type of heart disease present either among the total number of patients 
or among those that died, or both. It should not be assumed that all deaths 
listed were from rheumatic heart disease, since many writers made no distinction 
between the deaths resulting from the heart disease and those due to causes 
unrelated to it. 

As will be noted, in our group there were two maternal deaths. One of our 
patients, 20 years of age, died of a staphylococcic bacteremia during the fifth month 
of her first pregnancy. There was no discoverable focus of infection. The other 
patient, 33 years of age, died of heart failure in the ninth month of her seventh 
pregnancy. This patient was first seen by us at the end of her sixth pregnancy. 
At this time she manifested symptoms of diminished cardiac reserve and steriliza- 
tion was therefore advised. The patient did not consent to this procedure, 
left the hospital, and did not report for post-partum care. She reappeared during 
the twenty-seventh week of her next (seventh) pregnancy and was then in conges- 
tive failure. Immediate hospitalization was urged in vain. The next day she 
was admitted in pulmonary edema. After several days of intensive treatment her 
condition improved. She was advised to remain in the hospital until term but she 
refused to do so. Several weeks later, the physician who had attended her at 
home reported that she died undelivered. 

Infant Mortality . — ^The infants delivered on the obstetrical service of Bellevue 
Hospital during the period of bur study were classified for the purpose of this 
analysis into three groups: infants of mothers with normal hearts, infants of 
mothers with rheumatic heart disease without failure, and infants of mothers with 
rheumatic heart disease with failure (Table II and Fig. 1). The mortality rate 
for infants of mothers with compensated heart disease was not significantly 
higher than for infants of normal mothers. The mortality rate for infants of 
mothers with congestive heart failure, however, was 30 per cent, whereas in the 
compensated group it was 9 per cent and in those with normal hearts, 7 per cent. 
This difference seems striking, although the number of patients with failure was 
only eighteen; larger groups would have to be analyzed to establish its signifi- 
cance. Actually , the difference and the standard error between the compensated 

and decompensated groups just falls short of being statistically significant 

(21 ± 11 . 1 ). 

Co7tgestive Heart Failure. Eighteen of the 131 patients developed congestive 
allure during pregnancy, an incidence of 14 per cent.* Failure occurred most 
frequently during the second half of pregnancy (Table III). It should be noted 

that more instances of failure occurred in the last lunar month than in any 
preceding month. 

rMes, OTa'palpablo” tender pulmonary edema, paroxysmal nocturnal dyspnea, basal 
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Table II . Effect of Heart Failure on Infant Mortality: Percentage Distribution 



INFANTS DELIVERED 
OF NORMAL MOTHERS 
OCT. 1939 TO OCT. 
1943 

INFANTS DELIVERED 
OF MOTHERS WITH 
HEART DISEASE BUT 
, NOT IN FAILURE 

INFANTS DELIVERED 
OF MOTHERS IN 
HEART FAILURE 

NO. 

INFANTS 

PER CENT 

NO. 

INFANTS 

PER CENT 

NO. 

infants 

PER CENT 

■Total number of infants 
delivered 

6,263 

100 

115 

100 

18 

100 

Born at term alive and 
well 

1 

5,452 

87 

97 

84 

1 

12 

66 

Premature births alive 
and welP 

392 

' 6 

8 

>• 

/ 

1 

6 

Stillbirths, viable 

129 

2 

3 

3 

2 

12 

Stillbirths, nonviablef 

174 

3 

5 

4 

1 

6 

Neonatal deaths! 

116 

2 

2 

3 

2 

12 


♦Infants whose birth wt. was 5 lbs. or less were considered premature. 

flnfants weighing less than 3 lbs. were classified as nonviable. 

jNeonatal deaths included babies who died within forty-eight hours after birth. 


Table III. Effect of Advancing Pregnancy on Heart Failure 


WEEKS OF GESTATION 

NUMBER OF PATIENTS IN FAILURE 

1- 4 

0 

5- 8 

0 

9-12 

0 

13-16 

0 

17-20 

3 

21-24 

1 

25-28 

3 

29-32 

2 

. , 33-36 

3 

37-40 

5 

■ Post partum 

1 


The expected date of delivery was taken as the end of fortieth week of gestation. 
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The interval of time from the onset of the first rheumatic manifestation to 
the observed pregnancy was determined in 103 patients (Table IV).* As the 
interval lengthened, the incidence of failure increased. Of those who had had 
rheumatic fever for less than ten years, 4 per cent went into failure; whereas, of 
those who had had it longer than fifteen years, 18 per cent or more became de- 
compensated. Patients who failed had heart disease for an average duration of 
seventeen years, five years longer than those who did not fail. The average age 
of the group in failure was 27.8 years; of the other group, 24.3 years (Table V). 
Our data show that about one-fourth of the patients above the age of 30 years, 
or those who had had rheumatic fever for more than twenty years, developed 
congestive failure during pregnancy. 

A close relationship was observed between the limits of cardiac reserve that 
existed before pregnancy and the incidence of failure during pregnancy. Only 

cast s, there ■was either no initial episotie or the patient did not rentember it. 
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one of the eighty-two patients in Class I and Class If had congestive heart 
failure, whereas seventeen of the forty-nine patients in Class III and Class IV 
presented this complication (Table VI). 


Table IV. Efficct of Duration- of Disease on Heart Failure 


nUR.ATION IN YEARS 

total patients 

IN GROUP 

PATIENTS NOT 

IN FAILURE 

PATIENTS IN- 
FAILURE 

PER CENT 
PATIENTS IN- 
FAILURE 

0- 9 

i 

26 ! 

1 

25 

1 

1 

4 

10-14 

32 i 

28 

4 

13 

15-19 1 

32 

26 

6 

18 

20 ant] over 

13 

10 

3 

23 

Average duration 

— 

12.0 years 

17.0 years 

— 

Duration unknown* 

28 

24 

4 

14 


*Paticnts who did not know they had heart disease until coming to clinic or without a history of 
previous rheumatic manifestations. 


Table V. Effect of Age on Heart Failure 


AGE GROUPS 

IN YEARS 

TOTAL 

PATIENTS NOT 

IN FAILURE 

PATIENTS IN- 
FAILURE 

PER CENT 
PATIENTS IN- 
FAILURE 

Under 20 

20 

18 

2 

10 

20-29 

78 

69 

9 

12 

30-39 

29 

23 

6 

20 

40 and over 

4 

3 

1 

25 

Average age 

— 

24.3 

27.8 

— 


A history of previous failure was likewise found to be significant. Every 
patient who decompensated during a previous pregnancy did so again during the 
observed pregnancy. However, 9 per cent of those who had never had failure 
before -developed it during the observed pregnancy (Table VII). 

It has been stated that when the aortic valve is damaged the patient faces 
a greater risk during pregnancy than when the mitral valve alone is involved.^“--®-^^ 
Our experience does not confirm this observation. Table VIII shows that failure 


*The classification of the New York Heart Association was used;^ 

Class I: Patients with cardiac disease and no limitation of physical activity; 

Class II (formerly 2a) : Patients with cardiac disease and slight limitation of physical activity; 
Class III (formerly 2b): Patients with cardiac disease and marked limitation of physical activity; 
Class IV: Patients with cardiac disease and who are unable to carry on any physical activity 
without discomfort. 
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was more than twice as common in patients with mitral valvular disease alone 
(24 per cent) than it was in those who had aortic or combined aortic and mitral 
valvular disease (11 per cent). 

Table VI. Effect of Functional Capacity on Failure 


FUNCTION.AL 

classification* 

total patients 

1 

1 patients not 

IN FAILURE 

1 

1 PATIENTS IN 

FAILURE 

PER CENT 
PATIENTS IN 
FAILURE 

Class I 

37 

1 

37 

0 

0 

Class II 

45 

44 

1 

2 

Class III 

47 

32 

15 

32 

Class IV * 

2 

1 

0 

1 

2 

100 

Total 

131 

113 

18 

14 


‘Classification of the New York Heart Association. 


Table VII. Correlation Between Previous Heart Failure and 
• Failure in Observed Pregnancy 



TOTAL 

NUMBER OF 
PATIENTS WHO 1 
DID NOT FAIL 
IN OBSERVED 
PREGNANCY 

NUMBER OF 
PATIENTS WHO 1 
F.AILED 

IN OBSERVED 
PREGNANCY 

PER CENT 
PATIENTS WBO 
FAILED 

IN OBSERVED 
PREGNANCY 

Patients who had heart 
failure previously 
!! 1 

9 

2* 

7 

79 

Patients who had no heart 
failure in the past 

122 

111 

11 

9 

Total 

131 1 

1 

113 

18 

14 


‘These two patients failed during an attack of acute rheumatic carditis and not during 
pregnancy. 


Table VIII. Effect of Valvular Lesions on Failure 


valvular lesions 

P.ATIENTS 

NOT IN- 
FAILURE 

patients 

IN 

FAILURE 

PER CENT 
PATIENTS 

IN FAILURE 

Mitral insufficiency with enlarged heart 

30 

1 

3 

Mitral stenosis and mitral insufficiency 

58 

14 

24 

Aortic insufficiency alone or with other 1 

valvular lesions ' 

27 

3 

11 

Total 

113 

18 

14 
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The Sip of the heart was determined by teleroentgenograms at several in- 

t!n'wf P^'^Snancy in forty-nine patients who did not fail and in 

ten ho did. The maximum transverse diameter of the heart was measured and 
the per cent enlargement was calculated according to the table of Ungerleider 
and Clark. The weight of the patient at the time the radiogram was taken 
was used uncorrected when making the calculations. The results thus obtained 
approximated the post-partum cardiac measurements within a range of 10 per 
cent or less. Cardiac measurement by such a method therefore seems reliable 
even though the configuradon and position of the heart changes as gestation 
advances. None of the patients whose hearts were enlarged less than 10 per cent 
above normal had failure. Contrariwise, all patients who failed showed an in- 
crease of 10 per cent or more above normal. However, a number of women with 
20 to 30 per cent enlargement did not experience decompensation. It was con- 
cluded from this that while patients with minimal cardiac enlargement are better 
risks, those with moderate enlargement are not necessarily bad risks. In so far 
as these limited observations indicated, there was a general but not a strict 
correlation between the degree of enlargement and the likelihood of failure. 

The prognosis in all patients with rheumatic heart disease, men and women, 
has been found to be more favorable when the original manifestations consisted 
of chorea or muscle and joint pains rather than polyarthritis or carditis.^^'^^ 
We have found this to be true also for pregnant cardiac patients. None of the 
patients who had had chorea or muscle and joint pains as the sole rheumatic 
manifestation dev’'eIoped failure during the observed pregnancy. Five of the 
forty-seven patients who had had polyarthritis alone, and six of nine patients who 
had had both polyarthritis and chorea became decompensated. The average 
duration from the first rheumatic manifestation to the observed pregnancy in 
this last group was eighteen years, whereas in the group that had chorea alone it 
was fourteen and one-half years. This difference may account in part for the 
greater incidence of failure. Although the groups are not large enough to br 

Table IX. Effect of Parity on Heart Failure 


PRIMIPARA 


MULTIPARA 


AGE GROUP 
IN YEARS 


PATIENTS 
NOT IN 
FAILURE 


PATIENTS 

IN 

FAILURE 


PATIENTS 
NOT IN 
FAILURE 


PATIENTS 

IN 

FAILURE 


Under 20 


20-29 


30-39 


40 and over 


Total 


Per cent patients in failure 
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suitable for statistical analysis, nevertheless, this observation seems to us to merit 
further study since it may have clinical importance. Evidently polyarthritis, 
or a combination of polyarthritis and chorea, implies severer infection and, hence, 
greater cardiac damage than chorea alone. 

There seemed to be no significant difference in the rate of failure among 
primiparous as compared with multiparous women (Table IX). 


DISCUSSION 

The natural history of rheumatic heart disease may be said to consist of 
four phases; (1) an initial infection which may be manifested by carditis, poly- 
arthritis, chorea, or muscle and joint pains; (2) one or more recrudescences which, 
like the primary episode, may follow a hemolytic streptococcic infection; (3) 
an inactive period, lasting usually from puberty or adolescence to the fourth or 
fifth decade, in" which there are usually no recurrences or evidence of decreasing 
functional capacity ; and (4) a diminution in cardiac reserve leading progressively 
to congestive heart failure and later death. When auricular fibrillation super- 
venes, it usually occurs during the last phase and is essentially a reflection of the 
long duration of the disease. 

Phase 1, the initial infection, usually occurs in childhood. It does not 
always precede heart disease. Twenty per cent or more of adult patients give no 
history of having had any previous rheumatic manifestations. Phase 2, recur- 
rences of rheumatic fever, rarely complicates pregnancy. Phase 3, the period 
when the heart disease is inactive, is the one during which pregnancy usually 
occurs and this explains why the majority of patients do well when under in- 
telligent obstetrical care. Phase 4, diminished cardiac reserve and failure, is 
seen in less than one-fourth of the pregnancies. It is of utmost importance to 
recognize when a woman who is pregnant or contemplating pregnancy is approach- 
ing this phase. Cardiac failure ranks first among the causes of maternal deaths 
in patients with heart disease and is the only cause amenable to therapy, espe- 
cially when detected early. In addition, as has been demonstrated, the chances 
of having a live baby are dependent to a large degree on the mother not develop- 
ing heart failure. 

How long a given patient is likely to remain in Phase 3 before entering Phase Jj- 
will depend, in the main, on the number of years that have elapsed since the 
initial infection, the severity and nature of this infection (carditis is more serious 
than polyarthritis and the latter is more severe than chorea), the frequency and 
number of recurrences, and the age of the patient. When there is no previous 
history of any rheumatic manifestation by which to determine the duration of 
the disease, the absolute age of the patient may be used as a rough index. 

Cornplications such as subacute bacterial endocarditis, embolization, inter- 
current infections, and so forth, may occur in any phase and may seriously 
alter the course of events as here outlined. 

Effect of Pregnancy on Duration of Life . — ^The question of whether pregnancy 
a ters t e course of rheumatic heart disease or shortens the life of the patient is 
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of fundamental importance. In several groups, the reported age of death was 
younger m nulliparous than in parous women.^s When the sample was reduced 
to include only those who lived to a “marriageable age,” the same results were 
obtained When, furthermore, only those who died of congestive heart failure 
■were considered and the group subdivided into those who survived past the age 
of 18 years and those who survived past the age of 40 years, there was no signifi- 
cant difference in the average age at death between nulliparous and parous 
women."’" In this last group, those who died during pregnancy were not included. 

The reports just quoted are subject to some criticism. Several important 
factors in the nulliparous and parous groups were not controlled; these include 
age at onset of - heart disease, number and severity of recurrences of rheumatic 
fever, functional capacity of the heart, and the respective duration from onset 
of heart disease to failure and from failure to death. These factors were care- 
fully considered and controlled in an analysis made by Cohn and Lingg^® who 
compared the clinical course and life span of 169 women, who bore one or more 
children after they were known to have developed rheumatic heart disease, with 
the course of 215 nulliparous women who had the same disease. All patients in 
both groups were observed in the clinics of the New York Heart Association to 
the time of death . The groups were comparable in that each consisted of a similar 
proportion of patients who developed heart disease before the childbearing period 
(age 19) and after, who had mild heart disease with good functional capacity, and 
who had severe heart disease with imparied cardiac reserve or episodes of con- 
gestive failure. The analysis showed that there was no significant difference in 
the tempo of the clinical course, the rate of development of congestive heart 
failure, the duration of life from onset of disease to death, and the age at death 
in the parous and the nulliparous groups. 

This reassuring conclusion applies only to those who survive the period of 
gestation. Pregnancy entails certain risks for the patient with rheumatic heart 
disease which one who is not pregnant obviously does not face. Failure or death 
may occur during or soon after pregnancy which may not have resulted had the 
patient not been pregnant. Assuming, however, that the patient does survive 
the pregnancy, the subsequent course will very likely remain unaltered. 

Age: Patients with rheumatic cardiac disease, regardless of parity, are more 
prone to fail as they get older. In a group of 644 adult cardiacs (male and 
female) , the average age of failure was 30 years.^ It is apparent, then , why many 
observers® have stressed age as an important guide in the prognosis of 
pregnant cardiac patients. Patients above the age of 30 years, and especially 
above 35 years, are much more apt to decompensate than those who are younger. 

Duraliofi: If the time of onset of heart disease were known, then the 
duration from onset to pregnancy would undoubedly be more dependable as a 
prognostic guide than the absolute age of the patient. Lacking this precise in- 
formation in all cases, we have arbitrarily taken the first rheumatic manifestations 
as the time of onset. This does not imply that the heart disease necessarily 
begins at this time. As has been mentioned, there is a closer correlation between 
duration of disease and failure than between absolute age and failure. 
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Enlarged Heart: That the heart actually increases in weight during preg- 
nancy has not yet been clearly demonstrated. In women with similar rheumatic 
valvular lesions who died of congestive heart failure, the heart was found to be of 
approximately the same weight at autopsy regardless of whether the patients had 
no, few, or many pregnancies.^” Thus, it is likely that pregnancy causes no per- 
manent cardiac enlargement. Since the heart increases in size as the duration and 
severity of the disease increases, the risk of failure is naturally greater in pregnant 
women whose hearts are markedly enlarged.^®*^®'®® Yet heart size, per se, we 
have found not to be as significant an index of prognosis as other factors here 
considered. 

Valvular Lesions: There is no unanimity of opinion as to the seriousness 
of the combination of mitral stenosis and aortic insufficiency as compared with 
mitral stenosis alone. Some observers attach grave significance to the coexist- 
ence of mitral and aortic lesions, and others state that there is no significant 
difference between the two groups.'*®-®* This divergence of opinion also exists 
among students of rheumatic heart disease in general.®® Our experience cor- 
responds with those who attribute no greater gravity to combined aortic and 
mitral valvulitis than to mitral stenosis alone. This is substantiated by the fact 
that data collected by us from reports published since 1936 show no important 
difference between the mortality rates among pregnant women with combined 
mitral and aortic valvulitis and those with mitral valvulitis alone (Table X) 

Functional Class and Previous Failure: The functional capacity of the heart 
to do work is without doubt the most reliable single index of the prognosis in 
pregnancy. At times, however, it is difficult to establish this with precision and, 
again, it may vary from one month of pregnancy to another. An actual test of 
pregnancy is, therefore, more reliable; hence it is evident that a patient who has 
failed in a previous pregnancy will almost certainly decompensate again unless 
failure was due to circumstances not likely to recur, such as active rheumatic 
carditis.®®'®*'®® The contrary is not true, that patients who have not failed 
previously will not fail in a later pregnancy. In our series, 11 per cent of the 
multiparous patients who had no history of failure decompensated during the 
observed pregnancy. 

Multiparity: Conflicting opinions have been expressed on parity: such as, 
the prognosis is worse in primiparas •,®® it is worse in multiparas ;*®'®® parity, per se, 
has no important bearing on the prognosis.*®-®® This discrepancy may have re- 
sulted from the fact that the different authors did not control to the same degree, 
at least, tw^o factors that influence the outcome, namely, the duration of heart 
disease (longer in multiparas) and the physical effort spent in obstetrical labor 
(greater in primiparas). When allowance is made for both factors, it seems 
reasonable to conclude that parity, per se, is of no real significance. 

There are a number of factors that should be considered in evaluating the 
prognosis of pregnancy in patients with heart disease. Some of these are more 
than others, but each of them fits into a more inclusive principle 
Which IS based on the orientation of the patient in the natural course of her heart 
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disease. The validity of applying this principle to pregnant cardiac patients 
IS supported by the evidence that gestation does not alter the course of the 


Table X. 


Deaths Among Pregnant Rheumatic Cardiac Patients Grouped According 
TO Valvular Lesions (1936 to 1946) 



NUMBER OF 
PATIENTS 
WITH MITRAL 
VALVULITIS 
ALONE 

NUMBER 

OF 

DE.A.THS 

PER 

CENT 

DEATHS 

NU.MBER OF 
PATIENTS 
WITH AORTIC 
OR AORTIC 
AND MITRAL 
VALVULITIS 
COMBINED* 

NUMBER 

OF 

DEATHS 

PER 

CENT 

DE.ATH.S 

Hay (1939)= 

56 

1 

1.8 1 

i 

10 

0 

0 

Harris {1937)i2 

81 


7.4 

19 

2 

9.5 

Lamb (1937)” 

89 

5 

5.6 

12 i 

1 

2 

16.7 

Naish (1937)” 

349 

! 

2.9 

78 

2 

! 3.9 

Bra.m\vell and 
Longson (1939)®^ 

260 

20 

1 

7.7 

31 

1 1 

1 

1 i 3.2 

1 

Jensen et al. 

(1940)2> 

88 

6 

6.8 

11 

1 

9.1 

Hamilton and 
Thompson (1941)“ 

581 

28 

4.7 

148 

8 

5.3 

Stromme and 

Kuder (1946)« 

565 

7 

1.2 

90 

1 

1.1 

Total 

2,069 

83 

4.01 

399 

17 

4.26 


♦Forty-soven of these 399 patients had aortic vah-ulitis alone, 352 had combined mitral and aortic 
valvulitis. ' 


SUMJIARY 

In determining the prognosis in pregnancy of 142 women with rheumatic 
heart disease, the following factors were considered: duration of rheumatic fever, 
age, functional capacity, history of previous failure, type of valvular damage, size 
of heart, nature of earlier rheumatic manifestations, and parity. It was found 
that the important signs were those which helped prognosticate congestive failure. 
That failure is the governing feature in prognosis is supported by the observations 
(1) that it is the most common cause of death in pregnancy complicated by rheu- 
matic heart disease and (2) that the infant mortality rate for our group of patients 
with congestive heart failure was three times as high as for patients who had heart 
disease without failure and four times as high as for normal pregnant women de- 
livered on the same obstetrical service. 

The factors found to be important in prognosticating failure and in estimat- 
ing the risk involved in pregnancy form integral parts of a basic principle, which 
consists of establishing the patient’s position in the natural course of her rheumatic 
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heart disease. This principle gains validity when data collected under well- 
controlled conditions indicate that pregnancy per se does not alter the course of 
this disease. The application of this principle for determining prognosis led to 
interruption (per vagina) of only eleven of 142 pregnancies. No hysterotomies 
were performed after the patient was permitted to pass through the first trimester 
of pregnancy. There were no deaths from congestive heart failure among the 
129 patients who remained under our care through pregnancy and parturition. 
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NEWER CONCEPT OF STOKES-ADAMS SYNDROME 


Sidney Schnur, M.D. 

Houston, Texas 

S TOKES-ADAMS attacks are generally believed to be due to periods of 
ventricular asystole occurring in patients with heart block. The Criteria 
Committee of the New York Heart Association defined this syndrome as “attacks 
characterized by unconsciousness, often accompanied by muscular Hvitchings 
and even generalized convulsions. These attacks occur in patients with auriculo- 
ventricular block when the ventricular diastole is sufficiently prolonged to result 
in a severe grade of cerebral ischemia. The duration and severity of an attack 
depend on the length of ventricular diastole. This term is not applied to syncope 
due to other causes.”^ 

White*’ described the syndrome as “the association of syncope and 
convulsions with marked slowing of the heart’s action. . . All grades of dis- 
turbances of the cerebral circulation may exist from slight dizziness and faintness 
with transient ventricular standstill of Hvo or three seconds, duration up to ex- 
treme degrees of the Adams-Stokes syndrome with cessation of the heart beat 
for as long as twenty or thirty seconds.” 

These definitions reflect the widely-held belief that ventricular standstill 
is the only disturbance of the. cardiac mechanism which, supervening in heart 
block, causes loss of consciousness. However, for many years individual case 
reports recurring in the medical literature indicated the probability that other 
cardiac arrhythmias might be responsible for the attack in patients with heart 
block.* 

Finally, Parkinson and associates,® in 1941, reviewed all reported cases of 
Stokes-Adams syndrome in which electrocardiographic tracings were obtained 
during the attack. Their findings indicate that only 55 per cent of attacks 
were associated with ventricular asystole. The remainder were due to various 
combinations of ventricular tachycardia, ventricular fibrillation, and ventricular 
asystole. 

On the basis of this study, Parkinson defined Stokes-Adams disease as the 
name applicable to patients with heart block who suffer from recurrent attacks 
of loss of consciousness due to ventricular standstill, ventricular tachycardia, 
ventricular fibrillation, or a combination of these.”® 

Medicine, Baylor University College of Medicine, and Jefferson Davis 
N J^Tuno^Oand Scientific Meeting of the American Heart Association, Atlantic City, 
in a PWer'^S^plSlon lnd^LlLlSs.3 ^ communication since they have been Included 
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CASE REPORT 

A colored woman, 70 years of age, was admitted to the hospital because of repeated convul 
.|ons durmg he preceding twenty-four hours. One week preXusly, she had noted inc3n: 
shortness of breath and inability to carry on her usual activities. Otherwise, her hi=torj^ was 
negative for In pertcnsion, syphilis, anginal attacks, decompensation, or syncopal episodes. She 
la a approximately fifteen attacks of convulsions before entering the hospital. The onset 



Fig. 1. — Electrocardiogram on admission showing complete auriculovcntricular 
dissociation, with runs of ventricular tachycardia. 
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of the attack was usually preceded by periods of rapid heart action, which increased in frequency 
and duration until unconsciousness occurred. 

Physical examination in the intervals between convulsions revealed the patient to be in no 
apparent distress. She was entirely comfortable lying flat in bed. Her heart was not enlarged. 
The ventricular rate was regular at a rate of 20 beats per minute with an occasional e.xtrasystole. 
In the intervals between the ventricular beats, fainter beats were audible at 72 per minute, and 
these were synchronous with the venous pulsation in the neck. The heart sounds were of good 
quality and no murmurs were present. The arterial pressure was 200/90. There was no evidence 
of decompensation. Gross neurological examination revealed no abnormality. 

The diagnosis was complete .^-Y heart block with Stokes- Adams syndrome. She was given 
ephedrine sulfate orally, three-eights of a grain, every three hours. The following morning an 
ejectrocardio^am confirmed the presence of complete auriculoventricular dissociation, but also 
indicated runs of ventricular tachycardia (Fig. 1). The possibility that ephedrine might be re- 
sponsible for the ectopic rhythm, and might further precipitate ventricular fibrillation, caused 
us to discontinue the drug and prescribe quinidine sulfate in doses of 15 grains four times daily. 
During the ne.xt few days, electrocardiographic tracings were obtained during many Stokes- 
Adams attacks. The patient was asymptomatic during the periods of complete heart block, but 
cerebral manifestations were likely to occur when other cardiac arrhythmias supervened. These 
arrhythmias, recorded during several different attacks, included the following: ventricular 
fibrillation followed by ventricular tachycardia (Fig. 3); ventricular tachycardia followed by 
ventricular asystole (Fig. 3); ventricular asystole alone (Fig. 2); ventricular tachycardia followed 



FiK. 2. Continuous tracing of Lead II showing ventricular asystole of fifteen 
seconds during a Stokes-Adams attack. 


'-‘^"tricular tachycardia, and ventricular asvstole (Fig. 3); and finally, 
cnlncular tachycard.a followed by ventricular fibrillation and ventricular asystole (Fig. 4). 

a total int-fkc of n? days, it was apparent that the patient was becoming worse in spite of 

""" Ventricular tachy- 

and hbr.llat.on m her ettse. It was then decided to treat the block rather than the ectopic 
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solutran oLpmephrine'^.raradL^iL'rcd^nt 

and ophedrinc thcrapv. During the next live dav-; tl ^ ed us to continue epinephrine 

provement was .o striking attacks, and her im- 

ung t/iat prelmi.nary arrangements were made to discharge her from the 



Fig. 3. — Oontiimous tracing of Lead II during Stokcs-Adams attack showing ventricular tachy- 
cardia, ventricular fibrillation, ventricular tachycardia, ventricuiar asystole, and return to basic rhythm 
(complete heart block). 
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hospital. On the morning of the sixth day of epinephrine therapy, the patient developed a right 
hemiplegia and a temperature of 102° Fahrenheit. Later that day, rales appeared in the bases 
of'the lungs, the patient became comatose, the temperature rose to 104.5° F., and she succumbed 
the following morning. The electrocardiogram obtained the afternoon before exitus (Fig. 5) 
revealed no significant changes from the. original electrocardiogram. The progressive increase 
in rate of the auricular and ventricular complexes following epinephrine therapy is evident in 


cardia/vciitricular fibrillation^^om^one Stokes-Adams attack showing ventricular tachy- 

(complotc heart block). " ’ asystole, and return to basic rhythm 











Fjg. 5. — Electrocardiogram the day before exitus showing complete iiuriculcvcntricular dissocia- 
tion, with an auricular rate of 120 and ventricular rate of fifty per minute. The contours show no signi- 
ficant difference from those taken on admission. 
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The significant findings at post-mortem examination* were in the brain and heart. The 
brain revealed slight to moderate generalized edema without evidence of hemorrhage, discolora- 
tion, or softening. A moderate amount of atherosclerosis was noted in the arteries, most evident 
in the basilar vessels. Thrombi were not demonstrable, and no obvious cause for the hemiplegia 
could be established. 


Table I. Summary of Clinical Course 




DIAGNOSIS 

TREATMENT 

3-10 

Present 

* CHB, VA, CHB 

Ephedrine gr. 3/8 q 4 hr. 
i (2 doses) 

3-11 

Present 

** CHB, VT, CHB (Fig. 1) 

1 Quinidine gr. 15 Q.I.D. 

3-12 

Present 

*** CHB, VF, VT, CHB 

j Quinidine gr. 6 q 2 hr. 

3-13 

Present 

*** CHB, VT, VA, CHB 
*** CHB, VA, CHB (Fig. 2) 

1 Quinidine gr.6 Q.I.D. 

Total quinidine, gr. 132 

3-14 

Present 

*** CHB, VT, VF, VT, VA, CHB 
(Fig. 3) 

*** CHB, VT, VF, VA, CHB (Fig. 4) 
*** CHB, VT, VF, CHB 1 

*** CHB, VF, VT, VF, VA, CHB 

1 

1 c.c. epinephrine 1:1000 l.V. 

1.5 c.c. epinephrine 1:1000 l.V. 
1 c.c. epinephrine oil q 4 hr. 
Ephedrine gr. 3/8 q 6 hr. 

3-15 

Absent • 

** CHB 

1 c.c. epinephrine oil q 4 hr. 
Ephedrine gr. 3/8 q 4 hr. 

3-16 

Absent 

** CHB 

i 

1 c.c. epinephrine oil q 4 hr. 
Ephedrine gr. 3/8 q 4 hr. 

3-17 

1 Absent 

** CHB 

1 c.c. epinephrine oil q 4 hr.- 
Ephedrine gr. 3/8 q 4 hr. 

3-18 

Absent 

** CHB 

1 c.c. epinephrine oil q 4 hr. 
Ephedrine gr. 3/8 q 4 hr. 

3-19 ' 

Absent 

** CHB 

* Right hemiplegia 

Temp. 102° 

Ephedrine gr. 3/8 q 4 hr. 

3-20 

Absent 

** CHB 

* Right hemiplegia 

"Hypostatic pneumonia" 

Temp. 104.6° — Expired 



♦ Clinical diaposis CHB— Complete heart block 

** Electrocardiograph diagnosis VT — ^Ventricular tachycardia 

*** Electrocardiograph diagnosis of VF — Ventricular fibrillation 

Stokes-Adams attack VA —Ventricular asystole 


The heart size was within normal limits^ Both coronary ostia were markedly narrowed by 
at lerosclerotic plaques. Approximately 3.5 cm. from the origin of the left coronary artery, the 
^umen of the anterior descending branch was narrowed to one-fourth its size by a sclerotic plaque 
right coronary artery also contained a sclerotic plaque 4.0 cm. from the ostia 
winch encroached upon the lumen. Gross examination revealed no thrombi, areas of infarction, 
r ibrosis. bections through the auriculovcntricular node and bundle of His revealed an area of 
hyahmzation which appeared somewhat atypical (Fig. 7). Sections were cut, there- 

*l’ost-mortcm e.xamination was performed by Doctors .S. A. Wallace and P, Marcuse. 
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Fjg. 7. — Section through A-V node and upper bundle of His 
showing fibrosis and hyalinization. 



pig_ g_ — Section through A-V node and upper bundle of His in abnormal” 
heart showing fibrosis and hyalinization similar to Fig. 7. 
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fore, from normal hearts in the same area, that is, in the junctional tissue just above the inter- 
ventricular septum behind the posterior aortic valve. These normal hearts revealed a similar 
type of histologic structure (Fig. 8) . Closer study of the gross specimens of the normal and patho- 
ogic hearts indicated that our sections included a portion of the fibrous trigone. It was most 
surprising to us to learn from a review of histology’ texts that the auriculovcntricular node and 
upper bundle of His are situated in the fibrous trigone.-* One wonders how many cases reported 
in the literature as showing fibrosis of the node or bundle of His have actually had a normal 
histologic structure. Microscopic sections of the lower bundle, and auricular, septal, and ven- 
tricular myocardium revealed nothing of significance. 


DISCUSSION 

Cardiac Mechanism in Stokes-Adains A Hacks. — ^The cerebral anemia pre- 
cipitating recurrent syncope and convulsions in this case were due not only to 
ventricular asystole, which is widely believed to be the sole mechanism, but 
also to rapid ventricular tachycardia, ventricular fibrillation, and to different 
combinations of these arrhythmias. It is emphasized that this patient’s ab- 
normal cardiac mechanism, graphically demonstrated by electrocardiographic 
tracings during syncope and convulsions, is not unusual, but has occurred in half 
of the reported cases of Stokes-Adams syndrome in which electrocardiographic 
tracings were made during the attack. 

It is .interesting that in the first description of this disease', Morgagni,® 
in 1769, quoted his patient as describing "sudden commotions’’ and "tumultuary 
motions’’ of the precordium immediately prior to the attacks. Stokes' patient 
also noted a "fluttering sensation about the heart’’ before his attacks.® These 
sensations are more likely to be due to ventricular extrasystoles and tachycardia 
than to ventricular standstill, and closely resemble the premonitory symptoms 
of this case. 

Parkinson’s definition, which is compatible with the facts and with the his- 
toric descriptions of the original cases, is definitely to be preferred to the in- 
complete, inaccurate definitions in many current textbooks. 

Pathologic Anatomy and Physiology of Stokes-Adams Attacks. — It is believed 
that the auriculoventricular bundle is more sensitive to anoxemia than the un- 
differentiated myocardium because of its more specialized nature, and its nerve- 
like function. A partially inadequate vascular supply may cause total functional 
impairment without causing demonstrable histologic change. Thus, the bundle 
of His is especially vulnerable in the atherosclerotic age group, in which 80 to 
90 per cent of all complete A-V heart block occurs.'^ The marked coronary 
sclerosis and partial ostial occlusion impeded the coronarj'^ flow to a degree 
sufficient to explain the heart block in this patient. 

One possible explanation for the various arrhythmias obser\^ed in this case 
can be given. In other portions of the myocardium (possibly adjacent to the 
bundle, and supplied by the same arter>’), there probably existed a relative, 
or at least potential, myocardial ischemia due to the same coronary’’ sclerosis, 
p us the additional hazard of an excessively prolonged diastolic period associated 
^\^t■l the heart block. Minor physiologic factors adversely affecting relative 
coronaiy’’ blood flow, such as slight lowering of aortic pulse pressure, increased 
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exercise, increased diastolic time, and so forth, factors which cause no appreciable 
clinical effect in normal individuals because of adequate resers'^e, grossly -exag- 
gerated the coronary insufficiency and precipitated an irritative myocardial 
anoxemia. This state was reflected in the ventricular extrasystoles, which still 
furtlier compromised the coronary flow, progressed to ventricular tachycardia, 
and finally to ventricular fibrillation. The period of ventricular asystole which 
followed the rapid ectopic rhythm was evidence of myocardial exhaustion. Re- 
covery from this phrase was signaled by an idioventricular beat and return to the 
basic rhythm. This was the sequence in 70 per cent of the recorded attacks. 

Therapy . — ^The ineffective response to quinidine in this case is consistent 
with the impression of some clinicians that this drug not infrequently fails to 
stop or prevent ventricular tachycardia. The present tendency to administer 
larger and larger doses is an indication that therapeutic failure is not an un- 
common occurrence. Whether or not increased dosage will result in greater 
success awaits further reports. In this case, however, 132 grains of quinidine 
administered over a period of three da^'^s did not prevent ventricular tachycardia 
and fibrillation. This case poses the question as to whether or not quinidine is 
the drug of choice in recurrent ventricular tachycardia associated with A-V heart 
block. Incidentally, a progressively widening QRS complex, which some believe 
to be a contraindication to further quinidine therapy, was not evident in the 
tracings. 

Epinephrine is known to be a dangerous drug in patients with ventricular 
extrasystoles and ventricular tachycardia because of the possibility of its initiat- 
ing ventricular fibrillation. This danger is especiall}^ great during cyclopropane 
and chloroform anesthesia. White^’^'®®* warns against its use in ventricular 
asystole when it is preceded by ventricular fibrillation. 

However, in this patient, who apparently had the prime contraindications 
of recurrent ventricular tachycardia and fibrillation and periods of asystole 
preceded by fibrillation, epinephrine effectively prevented Stokes- Adams attacks 
and the arrhythmias which precipitated them. One may surmise that the ad- 
vantageous effect of epinephrine upon the coronary flow (the increased heart rate 
and decreased diastolic period, increased aortic pulse pressure, increased con- 
tractility, and coronary vasodilation) more than compensated for its potential 
harmful direct effect upon myocardial irritability. 

Cause of Death. — ^Stokes-Adams syndrome predisposes to three modes of 
cardiac death. Sixty per cent of these patients die suddenly in a Stokes- Adams 
attack; the others, of coronary thrombosis or congestive heart failure.’’ 

This hypertensive, arteriosclerotic patient succumbed to a typical cerebral 
episode, although no gross lesion could be demonstrated in the brain, post mortem. 
There was no evidence that epinephrine had caused a rupture of a cerebral vessel. 
The final course did not suggest any of the three forms of cardiac death. She 
apparently had been completely relieved of Stokes-Adams attacks for seven days 
prior to death. 
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SUMMARY 

1. A case of Stokes-Adams syndrome has been presented which demon- 
strates graphically that the Stokes-Adams attack was due at different times to 
ventricular tachycardia, ventricular fibrillation, and ventricular asystole, either 
alone or in various combinations. 

2. Interesting aspects of the physiology, pathology, and therapy in this 
case have been discussed. 

Acknowledgement is made to Dr. Tom Brewer and Mrs. D. Semonds for their assistance in 
obtaining the electrocardiograms in this case. 
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AN ANALYSIS OF CAUSES OF RIGHT AXIS DEVIATION BASED 
PARTLY ON ENDOCARDIAL POTENTIALS OF THE 
HYPERTROPHIED RIGHT VENTRICLE 

Charles E. Kossmann, M.D., Adolph R. Berger, M.D., 

Joseph Brumlik, M.D., and Stanley A. Briller, M.D. 

New York, N. Y. 


'^liE electrophysiologic causes of right axis deviation are clear cut. In the 

frontal plane of the bod}', delineated by Eintboven’s triangle, deviation of 
the mean manifest potential to the right of a line drawn through the center of 
this plane, perpendicular to the horizontal side of the triangle, can only result 
when, during excitation of the ventricular muscle, the average potential of the 
left arm is at a lower level than the average potential of the right arm. Con- 
ceivably, this can occur in three ways when reference is made to a predetermined 
baseline of potential: the right arm may become more positive than the left; 
the left arm may become more negative than the right; or both processes may 
occur simultaneously in variable degree. 

The anatomic causes of right axis deviation are not quite so definite, and may 
be multiple in any given instance. Some of the causes usually given are: 

(1) Architecture of the Purkinje system: Individual differences in the 
arrangement of the ventricular conducting system have been used as an explana- 
tion of an abnormal axis, largely on the basis of the experiments of Rothberger 
and Winterberg* in dogs. When one considers the complicated embryonic de- 
velopment of the heart and its nervous system, the occurrence of anomalous or 
aplastic pathways, and hence, of abnormal electrical axes, is not hard to imagine, 
though not proven. 

(2) Preponderance: Lewis- used the term preponderance to indicate that 
one or the other ventricle was hypertrophied. Although there was agreement 
in his experiments between the relative weights* of the two ventricles and the 
electrocardiographic findings, he was careful to point ouU that in some instances 
of mitral stenosis, “preponderance, as estimated by weighing, is not discovered 


From the Department of Medicine, New York University College of Medicine, and the Adult 
Cardiac Clinic and Third Medical Division. Bellevue Hospital, New York. 

Presented in abbreviated form at the Twentieth Scientific Meeting of the American Heart Associ- 
tion, Atlantic City, N. J., June 6 and 7, 1947. 

This study wms aided in part by a grant from the Now York Heart Association. 

♦The right ventricle and the left ventricle were separated from the septum, and the three resulting 
pieces weighed. A review of Lewis’ paper* will show that his method was such as to include with each 
chamber, elements of muscle undoubtedly activated in a direction away from the cavity toward tlie 
.septum. ' Such septal elements have an "electrical weight” opposed to that of the free walls. 
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in the expected ventricle. Neither are electrocardiographic signs of right hyper- 
trophy discovered in all instances of mitral stenosis.” Herrmann and Wilson^ 
corroborated these findings in general, and presented evidence that the form of 
the ventricular complex and the relative weights of the two ventricles were 
closely inter-related only when there was considerable hypertrophy of the heart. 

For the sake of completeness, the term preponderance may be expanded to 
include another situation. It is conceivable that sufficient muscle may undergo 
necrosis in the left ventricle and in the septum to cause preponderance of the 
right ventricle and right deviation of the electrical axis.® In a sense, this would 
result in a relative hypertrophy of the right side as a result of “atrophy” of the 
left side; the heart’s center of gravity would be shifted to the right. 

(3) Position of the heart : That the lie of the heart in the chest is important 
in determining the electrical axis was recognized long ago by Einthoven and 
associates,® Pardee,^ Cohn,® Lewis,® and by Herrmann and Wilson.^ More 
recently, it has become quite clear from a study of extremity potentials* that 
when the heart lies vertically in the chest the potential of the left arm may be 
negative, presumably because the origin of this extremity is then opposite the 
basal orifices of the heart.® If, as sometimes happens, the left arm is more 
negative on the average than the right, the standard leads will display an angle 
alpha in excess of -{-90°. Einthoven and associates® knew that the position 
responsible for such an electrocardiogram was the result of clockwise rotation 
of the heart not only about an anteroposterior axis, but also about a vertical axis. 

The importance of position of the heart in the thorax, even when enlarged, 
in relation.to the electrocardiographic findings was emphasized by Cohn.® Recent 
observations bear out his thesis. With regard to precordial leads, it is well 
known that a late RS or intrinsicoid“ deflection, usually ascribed to a thickened 
underlying ventricular wall, is encountered in leads from the right side of the 
precordium in less than one-third of the patients with right ventricular hyper- 
trophy secondary to mitral stenosis.f'® Possibly a higher percentage, but by 

♦In recent years, the term “unipolar leads” has'becn applied to these records, and clinicians have 
come to use the term “unipolar” only in relation to these leads. Actually, the term "unipolar" in 
electrocardiography was first used by Groedel.*® In its broader sense, it means that a lead has been 
made in such a way that the potential variations of the exploring (near) electrode are very much greater 
than the potential variations of the indifferent (distant) electrode. ^lore specifically, it has come to 
mean a lead in which the zero-potential electrode of Wilson and associates has been used.** In a sense 
it is a misnomer, for no lead can be strictly unipolar even when the indifferent electrode is known to be 
at zero potential. But aside from this, a unipolar lead, as long as one electrode is nearer the source of 
potential than the other, may be obtained from any point on the body. Thus, we may speak of unipolar 
extremity leads (Vr, Vl, and Vp), unipolar precordial leads, unipolar esophageal leads, and unipolar 
Intracardiac leads. For the last fourteen years all unipolar records have been made in this laboratory 
with the electrode of Wilson, Macleod, and Barker.** Augmentation*® is occasionally used when record- 
ing extremity potentials, but the electrode described by Goldberger*® is not used because, at times, 
records made wth it display considerable variation from records similarly made with the electrode of 
Wilson and associates.** 

tit has heretofore been believed*® that the beginning of the intrinsic defiection or peak of R wave 
In direct leads ***^tks the time of arrival of excitation under the exploring electrode. The experiments 
o Colo and Curtis *® would seem to indicate that the end, rather than the beginning, of this deflection 
represents the occurrence of complete activity in underlying muscle. In semidirect (precordial) leads. 

proportion to the size of the variables defined by Poisson’s integral,*® and 
unn'fn.,”* c deflection m such is sometimes difficult to recognize. This more often is true of its termina- 
n o s or gin. For this reason, the term“intrinsicoid” is applied to the BS deflection in precordial 
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no means all of such deflections are late, particularly in Lead Vi, in congenital 
heart disease with right ventricular hypertrophy and in advanced chronic cor 
pulmonale. Another interesting feature of these records is that the R wave 
when late, is usually later than a similar, smaller deflection recorded from the 
left side of the precordium, and is sometimes preceded by a Q wave. Assuming 
that thickness of the wall determines lateness of the intrinsicoid deflection, the 
clinical observations are not in accord with the pathologic, for in acquired heart 
disease a free right ventricular wall thicker than the left is almost never seen. 
Even in congenital heart disease it is not usual, except in the rare defect of un- 
complicated pulmonary or infundibular stenosis.* Further, if the deflection were 
the result of right ventricular hypertrophy one would expect to see, more often, 
intermediate values which depend upon the extent of the hypertrophy. The 
occurrence of a small R wave and a deep S wave, and an absence of Q wave, in 
leads from the left side of the thorax in some of these cases is unexplained. 

These data raise several questions: Is the late arrival of excitation on the 
.right side of the thorax in the patients under consideration really caused by 
right ventricular hypertrophy, or does position of the heart in some way deter- 
mine it? As a corollary, not particularly related to position of the heart, one 
might ask whether hypertrophy alone, in the case of the right ventricle, gives 
rise to a late large R or R' in semidirect leads which are beyond a reasonable 
doubt in the electrical field of this chamber, or are other factors, such as partial 
defects in conduction on the right, responsible for it? To be answered also are the 
influence of left ventricular excitation on electrical events recorded over the 
right ventricle, and of the size as opposed to the thickness and weight of the 
right ventricle, in determining the occurrence of the deflection in question. 

(4) Intraventricular block with normal QRS interval: There are electro- 
cardiograms which display a late intrinsicoid deflection in one or several leads 
from the right side of the precordium with a QRS interval of less than 0.1 second."® 
These electrocardiograms may or may not display right axis deviation in the 
standard leads, and the patient may or may not show clinical or other evidence 
of cardiac disease. It is suspected that the curves obtained probably result 
from a partial defect in conduction on the right side. Further reference to this 
anatomic cause of right axis deviation will be made in a discussion of the last 
case to be presented. 

SIMILARITY OF STANDARD LEADS WHEN RIGHT AXIS DEVIATION IS CAU.SED BY 

DISSIMILAR ANATOMIC DEFECTS 

In Fig. 1 are shown three standard electrocardiograms with characteristics 
in common. They differ principally in voltage and by the presence of a small 

leads as first used by Macleod, Wilson, aud Barker*^ who. in introducing this term, undoubtedly had 
in mind the differences in this deflection as compared to the analogous one in direct leads. 

Because of the practical difficulties involved in measuring the end of the intrinsicoid deflection, 
wo have continued to use the beginning as a standard reference point. Whenever possible, a measure- 
ment of the size and duration of the potential developed across the subjacent wall has been made from 
the peak of Q or beginning of R when Q is absent, to the peak of S or the end of B when S is absent. 

As will be seen it is particularly difficult to tell when the endocardium of the subjacent right ven- 
tricle has been excited. 

♦Of twenty cases found in the literature, sixteen showed a right ventricle thicker than the left. 
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R wave in Lead I of Patient C. Other features, such as a large QS or S in Lead I, 
and notched or slurred R waves and absence of S waves in Leads II and III, are 
similar. Also comparable are the T waves which have a direction opposite to 
the principal QRS deflections. All three patients were taking digitalis. The 
anatomic findings in each case were as follows: 

Patient 

A Mitral stenosis, mitral insufficiency, and questionable aortic insufficiency, with 
massive left atrium, determined clinically 

B Extensive myocardial infarction, confirmed at necropsy 

C Chronic cor pulmonale secondary to pulmonary emphysema, confirmed at necropsy 


Fig 1. — Standard electrocardiograms (Leads I. II, and HI) of Patients A, B, and C. Patient A 
was a 56-year-old white woman with rheumatic mitral stenosis and insufficiency, and probably aortic 
insufficiency. Patient B'was a 42-year-old Negro with myocardial infarction. Patient C was a 42-year- 
old Negro with chronic cor pulmonale secondary to pulmonary emphysema. AH three patients were 
in heart failure and were taking digitalis at the time the records were made. The diagnoses of Patients 
B and C were corroborated at necropsy. 



The point illustrated is that widely different anatomic diseases can give 
very similar electrocardiograms. This, of course, is not new. But a more de- 
tailed electrocardiographic study of patients similar to these will demonstrate 
that deviation of the electrical axis in these three patients was caused by three 
distinct mechanisms, even though all might be spoken of as showing "right 
ventricular preponderance.’’ 

Studies on Patient B will be considered before the other two. 

Right Axis Deviation With Infarction of the Left Ventricle . — Patient B showed 
an electrocardiographic pattern in standard leads which we have encountered 
in twenty-three patients in a random search. In fifteen of these, the extremity 
and six precordial potentials were recorded using the indifferent electrode o/ 
Wilson and associates in five, the hearts were available for section by the 
method of Kossmann and de la Chapelle.^^ 


F 

deviat 
tial in< 


five days after the curves were recc 
infarct extending from the apex for ni 
umferential and transmural extent w; 
. At the apex the entire septum w; 
in this structure was limited to its a 
kness was involved, although small ii 
subendocardial layer."- There was 
the apex, and the anterior wall cl( 
le right ventricle was not involve 
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resulted from thrombotic occlusion of the anterior descending branch of the 
left coronary artery. Although the lesion was extensive, it was clear that the 
remaining left ventricular muscle was in excess of right ventricular muscle. 
However, actual weights were not determined. 



Fig. 3. — Patient B. Transverse sections 2, 3, 6, and 7 of the heart are shoivn. The basal side of 
each section is visible, with the anterior wall below and the left ventricle on the obsen'er’s right. The 
figures in parentheses indicate the level from the apex of the heart in nullimeters. 

Healed infarction is visilAe as the lighter areas in the septum, and in the anterior and lateral walls 
of the ventricles, mottled with small islands of remaining muscle. Thinning of these structures, mural 
thrombosis on the left, and slight bulging (aneurj’sm) anteriorly can be seen. The interlacement of 
trabeculae which make up the relatively normal right ventricular free wall are to be noted for later 
reference. 


From the electrocardiograms of this and other patients in the series, it was 
evident that the right axis deviation was not due to a shift of the center of gravity 
of the heart, but rather was the result of the infarct being oriented with respect 
to the left arm. Any change in potential of the right arm from the normal 
probably resulted from the loss of left apical components directed downward, 
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which presumably contributed to its negativity before infarction occurred. 
The pattern displayed in the standard leads might be expected in a hj^persthenic 
individual with a heart rotated in a counterclockwise manner in greater degree 
around its anteroposterior than around its long axis. 

It was concluded from the group studied that preponderance of the right 
ventricle as a result of extensive necrosis of the left ventricle was a theoretical 
concept which probably does not occur. 

Right Axis Deviation With Mitral Stenosis . — ^The teleroentgenogram (Fig. 4) 
of Patient A, who clinically was a case of rheumatic mitral stenosis and insuf- 



Fig. i . — Patient A. rheumatic mitral stenosis, mitral insutllcioncy, and probable aortic insufllcioncy. 
Teleroentgenogram made within a'sliort time of the electrocardiograms shown in Fig. 1. The massiye 
si^e of the heart, illling of the cardiovascular angle on the left, and shadow of the left atrium on the 
right are the points of interest. 


ficiency and possibly aortic insufficiency, showed a greatly enlarged heart of 
globular shape and displayed a shadow of a huge left atrium on the right border. 

The extremity potentials (Fig. 5) revealed that the right axis deviation was 
the result of the left arm being more negative than the right, although both 
extremities were negative. The lead from the left leg was similar to leads from 
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Fig. 5. — Patient A. Standard leads (I, II, and III) and augmented extremity potentials (aVg, 
aVti aVp) recorded simultaneously with Lead I, all at normal sensitivity of the string. The cause for 
right axis deviation is obvious from the greater negativity of the left arm (Vl) than the right (Vn) 
during inscription of QRS. The Q and late R in Lead Vf, and the similarity of this lead to Leads II 
and III are caused by the effects of the dependent left ventricle on the left leg. Time lines occur every 
0.2 second. 



^’^'ccordial potentials Vi to Vj were from the usual thoracic points. Lead A's 
t"' w*" explorbig electrode in the left midscapular line at the same horizontal level as chest 

lndii-»ti'n<T on. and \ sr were recorded from the right side of the thorax, the arabic subscript 

part or the ° electrode as on the left side of the precordium. The records in the upper 

Time lines occur evco-Tot sTcond." half-normal, those in the lower part at normal sensitivity. 
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the far left side of the precorclium, indicating a vertical electrical position of (he 
heart3-3 On investigating the precordial leads (Fig. 6), it was observed that a 
late R wave was not to be found on the right side of (he precordiuin (Leads 
Vi to V 5 ), as might be expected if such a deflection was caused by right ven- 
tricular^ hypertrophy. Actually, the R was quite small in these leads and even 
absent in Lead V 4 , possibly due to a high position of the electrode on the chest. 
A late R wave, such as is usually obtained over the left ventricle, was recorded 
only when the exploring electrode was in the left midaxillary line (Lead Ve). 
Further, a similar late deflection was encountered with continued exploration 
of the back as far around to the right as the midaxillary line (Lead Vcr). Only 
when a lead from the right midclavicuiar line was made (Lead V 4 r) did the curve 
obtained again resemble those found at other points on the front of the pre- 
cordium. 

With the anatomic knowledge that a large right ventricle makes up the 
greater part or all of the anterior surface of the heart, these electrocardiographic 
findings suggest that the anterior chest wall between the axillary lines was 
principally in the electrical field of the right ventricle and that the posterior 
chest wall between these lines was in the field of the left ventricle. Comparable 
lines of transition in a normal subject are on the average between the mid- 
clavicular line and the left sternal edge anteriorly® and, though quite variable, 
usually in the region of the dorsal spine posteriorly. This would mean that in 
Patient B considerable rotation of the heart in a clockwise manner around its 
long axis had occurred. To be noted particularly is that, although this right 
ventricle was distinctly hypertrophied (by inference and from x-ray findings), 
the R wave in its electrical field was early and small. It has been customary 
to ascribe such a finding to concomitant extensive hypertrophy of the left ven- 
tricle. Some enlargement of this chamber certainly existed but, as will be seen, 
it was probably not the factor responsible for the small R wave in leads from 
the front of the thorax. 

To investigate the matter further, endocardial electrocardiograms were 
recorded in several patients after introduction of an electrode into the right 
atrium and right ventricle by way of an antecubital vein. The methods will be 
detailed elsewhere.”'^ 

In a normal subject Avith a vertical heart, the electrode at Points 1 and 2 as 
shown on the x-ray film (Fig. 7) was in the right atrium. At the remaining 
points (3 to 7), it was in the right ventricle. The location of the electrode when 
Lead Vs was recorded from the chest is shown for comparison. 

The standard and extremity leads, precordial Leads_^V], Vs, and V 5 . and an 
intracardiac lead with the electiode in the right ventricle at Point 3, showed the 
following points of importance (Fig. 8): (1) Lead aVR simulated Lead Vrv.^ 
(cavity of the right ventricle), (2) Leads Vi and Vs were similar to the inti a- 
ventricular lead, although the R was a little taller in Lead Vs. The R waves 
and the S waves were a little later in the chest leads than in the cavity leads. 
(3) The intraventricular lead began with an R wave which was presumably 
the result of early activation of the left side of the interventricular septum. (4) The 
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T wave was negative with the electrode in the cavity, and positive with the elec- 
trode on the precordium. . 

T^Iost noteworthy is that the R wave in a lead from the right ventricular 

cavity was slightly earlier than an R wave recorded from the right side of the 
precordium. Further, in Lead Vo this deflection had two peaks. This and other 



Fip. 7. — X-ray film of a patient tvith a normal heart showing various locations of an Intracardiac 
electrode as projected on the thoracic surface by the central ray of the fluoroscope. At Points 1 and 2 
it was in the right atrium; at Points 3 to 7 it was in the right ventricle. The location of Lead Vj on the 
chest is shown for comparison. 

. subsequent similar x-ray films tvere made by putting a small metal marker on the chest 

t J o\er the intracardiac electrode during the catheterization. A teleroentgenogram was made 
mmec atoly after completion of the electrocardiographic studies with the subject recumbent, as during 
losraphic studies, and again standing. Differences between the two were slight in this 
• II. le teleroentgenogram shown was made with the patient standing. 


a\at a e ata-< suggest that this deflection has a dual origin in' a precordial lead 
rom t e right side: first, it is caused by early excitation of the left side of the 
mtepentricular septum; and second, by passage of the action current through 
reeua o the right ventricle. Any differences in the R wave of intracardiac 
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and extracardiac leads should be due to components contributed by the free 
wall of the right ventricle.* 

In this and in other normal subjects studied, the amount contributed to 
QRS by the free wall was small. At least two explanations can be given: (1) 
the voltage dev'eloped across the free wall of the right ventricle is in truth small ; 
and (2) the.voltage developed across the free wall is slower than the simultaneous 
development of negativity of the cavity. One reason for believing the first to be 
correct will be discussed later. 



Fig. 8. — Patient with normal heart whose x-ray film is sho-wn in Fig. 7. Leads I, II, III, aVa, aVa, 
and aVi- were recorded at normal sensitivity. Leads Vi, V?, Vs, and Vnvs (right ventricular cavity 
\vith electrode at Point 3, Fig. 7) were recorded at half-normal sensitivity simultaneously with standard 
Lead II at slightly less than normal sensitivity of the string. The figures on the curves represent the 
time in seconds of the deflections over which they are witten witli reference to the beginning of QBS 
in Lead II. The time lines in the upper row occur every 0.04 second; in the lower two, every 0.2 second. 

To bo noted are the similarity of Leads Vj, V;, and Vnv 3 except for the direction of the T wave. 


To return to the problem at hand, the question that arises next is how much 
does the free wall of the hypertrophied right ventricle in mitral stenosis con- 
tribute to the R wave? In this study another patient (W. F.) with rheumatic 
mitral stenosis, mitral insufficiency, and auricular fibrillation was used. The 
heart on x-ray study (Fig. 9) showed the characteristic shape, with promi- 
nence of the pulmonary artery or its left branch-® in the middle arc. The left 
atrium was enlarged posteriorly. The standard leads (Fig. 10) showed an 
angle alpha of approximately +60°. The mean potential of the left arm was 
approximately zero, the electrical position was semi vertical and hence QRS was 
upright in Lead I. Despite good clinical evidence of right ventricular hyper- 
trophy, there were no R waves which were late or large in leads from the right 


♦Size of tho R wave is not a reliable measure of the thickness of the underlying ventricular wall. 
Time of the deflection is perhaps more so, and most reliable of all is the size of the RS deflection, which 
in direct leads is a measure of the total electromotive force developed across the wall from endocardium 
to epicardium. But even this measurement is unreliable in indirect leads where the effect of surrounding 
conducting tissues, of the contralateral ventricle, and of perhaps other variables are unknown. 
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side of the precordium (Fig. 10, Leads V 4 Rto V 4 ). A small Q and late R were 
encountered in Lead V 5 , and similar curves were obtained in leads from the 
left chest and back as far over to the right as the midscapular line. Beyond this, 
on the right the curves displayed all downward direction of QRS similar to 
that shown in Lead V 4 R. The small size of R in curves obtained from the front 
of the thorax and its absence in Lead V 3 were similar to the findings in Patient A. 
Also of interest was the late small positive deflection in Lead Vs, which possibly 
arose in the pulmonary conus.-® 



Fig. 9.— Patient At . P.. rheumatic mitral stenosis and jnsuUlciency. Teleroentgenogram made 
just after cardiac catheterization. Numbers on the heart shadow have the same significance as in Fig. 7. 
The patient was a 42-yeai-old white man with auricular fibrillation but not in heart failure. The char- 
acteristic shape of the heart is to be noted. On fluoroscopy there was marked enlargement of the pul- 
monary conus and left atrium, with some calcification in the wall of the latter. The left ventricle showed 
some enlargement posteriorly. 


Potentials were obtained from both the right atrial and right ventricular cavi- 
ties. \\ hile the electrode was in the inferior part of the right ventricle (Point 4 in 
I 9)> Another electrode was placed directly over it on the precordium, and 
eads were recorded simultaneously Avith tAA'o string galvanometers (Fig. 11). 
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Both records were made with string sensitivity identical (0.6 normal). Quanti- 
tative differences were limited to a slightly smaller R wave and an inverted T 
wave in the lead from the cavity. Compared with the beginning of QRS in 
Lead I, the peak of R in the cavity lead was 0.004 second later, and the two 
peaks of R in the precordial lead were 0.006 and 0.015 second later, respectively. 
The opposite direction of the T wave in the cavity and precordial leads was 
probably caused, as in normal subjects,-^ by a gradient in the duration of the 
excited state across the free wall of the right ventricle such that activity was of 
longer duration on the endocardial surface. 



Fig. 11. — Patient W. F. Simultaneous records at identical string sensitivities (0.6 N) from a point 
Inside the right ventricle (“Vrv 4." upper string, electrode located at Point 4, Fig. 9), and from a pre- 
cordial point directly over it (“ Precordium,” lower string). Figures indicate time in seconds between 
the deflection concerned and the beginning of QRS in Lead I. 

To be noted are; similarity of the leads; the double peak of R in the precordial lead; and the oppo- 
site direction of the T waves. 


It might be assumed that the contribution of the free right ventricular wall 
to QRS was small, and the R wave of the precordial lead not too different from 
the R wave of the cavity lead by virtue of dilatation. Although the patient was 
receiving digitalis, he displayed no evidence of congestive heart failure at the 
time the records were made. Dilatation of the right ventricle was not present. 

It would appear from these data that the lateral wall of the right ventricle 
contributes little to the extrinsicoid deflection or R wave in leads from the right 
side of the precordium, and that this statement is true when the right ventricular 
wall is thickened as a result of mitral valvular disease with stenosis. Further, 
clockwise rotation of the heart about its long axis, as illustrated in Patients A 
and W. F., is apparently not extensive when there is mitral stenosis even when 
right ventricular hypertrophy is considerable, as in Patient A. A possible 
explanation is that the concomitantly enlarged left atrium prevents such rota- 
tion to any extreme degree. 


Right Axis Deviation in Chronic Cor Pulmonale . — Patient C showed chest 
leads which differed from those seen in the records of the patients with mitral 
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stenosis. A lead from the right sternal edge, though of very low voltage, dis- 
played a Q, a late R, and an inverted T. In the only other precordial curve 
available, Lead V5, there was a small R, deep S, and positive T. No other 
special leads were available on this patient before death. At necropsy, the right 
ventricle was abnormally thick but not thicker than the left, even though the 
R wave, measured from the beginning of QRS, was ’later on the right than on 
the left by approximately 0.01 second. 

Another patient, A. K., with advanced chronic cor pulmonale, was available 
for detailed study. The standard leads (Fig. 12) displayed a deep S wave in 
Lead I; Leads II and III weie low and bizarre. From the extremity potentials 
the electrical position of the heart was indeteiminate because of the low, vibra- 
tory nature of Leads aVL and aVp. 

Lead aVR was similar to Lead Vi (Fig. 13) and to all the leads recorded to 
the right of the midline as far around the back as the midscapular line (Lead 
VsR, not shown). The intracavitary potential of the right atrium (not shown) 
had an identical contour. 

Notable in the precordial leads which were recorded simultaneously with a 
lead from the cavity of the right ventricle (Fig. 13) were: their similarity to 
those of Patient C ; the abrupt change in the curve as soon as the midline was 
crossed (Lead Vr, not shown, was similar to Lead Vi), although anatomic con- 
siderations would indicate that certainly precordial Points 2 and 3 and probably 

4 were in the electrical field of the large right ventricle; and the small R wave 
and prominent S wave without a Q wave, such as are seen over the normal right 
ventricle, even in a lead as far to the left as Lead V7 (which was similar to Lead 
Ve, Fig. 13). The peak of the R was earlier in Leads V2, V3, and V4 than in 
Leads V5 to V7 (0.004 second and 0.025 second, respectively, measured from 
the beginning of QRS in Lead I). On the other hand, leads from the right side 
and back of the thorax (V i, V 4 r, VeR, and Vsr) and from the cavity of the right 
atrium displayed a Q, a late large R, and an inverted T, In all these leads, with 
one exception which will be discussed, the peak of Q and the peak of R occurred, 
respectively, at an identical time; namely, 0.016 and 0.050 second after the 
beginning of QRS in Lead 1. 

When an electrode was placed on the precordium directly over the intra- 
cardiac electrode (Fig. 14) and leads were made simultaneously (Fig. 13, “Vnva” 
above and “Precordium” below), the curves did not differ in general contour, 
although there were differences compared with the records of the case with mitral 
• stenosis (Fig. 11) similarly made. The R wave in the endocardial lead consisted 
of three different peaks, only the first of which preceded the peak of R in the 
chest lead. Although the relative size of R and S was approximately the same 
in both records, the RS deflection measured approximately 18 millivolts in the 
cavity lead compared with 3.0 millivolts in the lead from the precordium. The 

5 wave in the cavity lead preceded the initial peak of S in the chest lead by a 
small interval (0.005 second), but the second peak of S in the latter was 0.023 
second later, and was simultaneous with the R wave in leads from the right side 
of the thorax. This indicates that the first peak of S resulted from the comple- 




Fig. 12. — Patient A. K., a 57-year-old white man, who had been a coal miner in youth and who 
was regarded as having chronic ‘cor pulmonale for five years before the electrocardiograms were re- 
corded. He was taking digitalis. The standard leads (I, II, III) and augmented extremity leads (aVa, 
aVa, aVr) were recorded simultaneously with Lead I. Time lines. 0.2 second. 



I’^ticnt A. K. Right intraventricular Lead Vnvs (upper string at 0.1 N sensitivity) 
from Point 3 in ventricle (see Fig. 14) recorded simultaneously with various precordial leads at varying 
indicated. Leads Ve, Vjr, and a lead from within the right atrium (Point 5, Fig. 

^ Averc similar to Lead Vcr. Figures indicate the time in seconds of the deflection concerned from the 
rCcinn ’'B of QRS in Lead I. The R wave of the intraventricular electrocardiogram shows three dls- 
wmi 1 / the lower right hand corner a lead from the ventricular cavity (Vrvs) was recorded 
0 2 seenn?? tPtecordial) from a point on the chp.st directly over the intracardiac electrode. Timelines, 
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tion of activity across the underlying ventricular wall while the second peak was 
a distant event, resulting from excitation reaching the epicardial surface of the 
contralateral ventricle. Since the precordial lead as taJcen was almost definitely 
in the electrical field of the right ventricle, the contralateral ventricle in this 
instance was the left ventricle. 



. Fig. 14. — Patient A. K. Teleroentgenogram made witli the patient standing, lead markers having 
l)eeh placed at points on the chest from which precordial leads were taken (hexagonal figures) and over 
the locations from which endocardial leads were made (square figures). To be noted are: the location 
of Point 3 at the apex of the right ventricle; the high location of Leads Vi and V 2 as opposed to Lead 
Ve; and the location of Lead V cn (just visible in lower left hand corner of figure). At Point 0, the intra- 
cardiac electrode was in the superior vena cava; at Point 5, it was in the right atrium; at the others, it 
was in the right ventricle. 

The shape of the heart and the length of the thoracic cavity are to be noted. 


These data, when interpreted in the light of what has been presented up to 
now, make it necessary to come to the folloiving conclusions. The left ventricle, 
and not the thickened right ventricle, was responsible for the late intrinsicoid 
deflection encountered in leads from the right side of the thorax in this case of 
chronic cor pulmonale. It appears that there was extreme clockwise rotation 
of the heart around its long axis to an even greater degree than in the patients 
with mitral stenosis. The right ventricle was rotated far to the left, and a transi- 
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tional zone occurred over a wide area in the left axilla. The actual change from 
' right ventricular to left ventricular electrical fields was posterior rather than in 
the left parasternal line anteriorly as in normal subjects. Further, the transition 
zone from left ventricle to right ventricle, instead of being posterior, was in the 
vicinity of the midsternum anteriorly. 

At first glance this seems incredible from an anatomic point of view. Studies 
that have been made with angiography are not of much help because of th^ 
difficulty encountered in visualizing the left ventricle. Examination of a good 
heart model will show that it is entirely possible, particularly if, in addition to 
the clockwise rotation about the long axis of the heart viewed from the apex, 
there is also considerable similar rotation about an anteroposterior ^axis and 
transverse axis viewed from the left. It is believed that such unusual degrees 
of rotation can occur in chronic cor pulmonale because the voluminous lungs 
make it possible by greatly increasing the anteroposterior and long diameters 
of the thorax. Further, there is no great enlargement of the left atrium pos- 
teriorly, as in mitral stenosis, to interfere with rotation about the long axis. 

It is probable that the left ventricular curve obtained in Lead Vi was not 
the result of a direct relationship of the exploring electrode to the surface of the 
left ventricle, but rather was indirect through the intervening right atrium. It is 
surmised that this latter chamber which is enlarged in cor pulmonale, particularly 
if heart failure has occurred, may actually overlap the posterior basal part of 
the left ventricle. A point in support of this is that an intra-atrial lead in the 
case under consideration displayed a curve identical with that obtained from the 
right sternal edge. 

It is probable that the peak of the Q wave in Lead Vi was not created in 
the way that a Q wave usually is when an electrode is over the left ventricle. 
It was discovered that the last part of the Q was simultaneous with the peak of 
the S wave in the cavity of the right ventricle. It is possible, therefore, that it 
was created in part as a result of Lead Vi being a semidirect lead from the cavity 
of the right ventricle by virtue of the electrode being close to the auriculo- 
ventricular orifice of this chamber. This explanation is plausible if the anatomic, 
considerations given before are accepted. Further, in Lead V and in others 
to the right, the peak of Q was simultaneous with the peak of R in the cavity 
lead from the right ventricle, while its ascending limb was slurred at a time when 
the peak of S in the cavity lead was written. In these leads, then, only part of 
the Q wave was created in the manner described for Lead Vi. 

If this explanation of the origin of the Q wave in Lead Vi is correct, this 
deflection becomes unreliable as an index of beginning excitation of left ventricular 
endocardium subjacent to the electrode (see footnote, f p. 310). However, it may be 
reliable in other leads made at lower levels and more posteriorly on the right, 
in which the peak of Q was simultaneous with the peak of the R wave in the 
cavity leads (about 0.016 second from beginning of QRS in Lead I). 
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RIGHT AXIS DEVIATION IN TETRALOGY OF FALLOT 

A patient, M. F., 11 years of age, with a clinical diagnosis of tetralogy of 
Fallot, was explored electrocardiographically, although cavity potentials were 
not recorded. The electrocardiograms (Fig. 15) showed the usual right axis 
de\'iation in the standard leads. The special leads were strikingly similar to 
those in the case of chronic cor pulmonale just presented (Patient A. K.). Of 
particular interest were: the Q and late R in Leads aVn and aVp, although the 
T wave was negative in the first and positive in the second; the similarity of 
Leads V 2 to Vs (left midscapular line) Avith a relatively small R, except in 
Lead V 4, and a deep S; the similarity of all leads from the middle of the sternum 
to the right as far as the right midscapular line (Lead Ve to Lead V'sr), and 
the likeness of these to Leads aVn and aW; and the abruptness of the change 
between Leads V 2 and Ve- 

The x-ray films Avere not unusual, although an angiocardiogram* made in 
the left anterior oblique position shoAA^ed a posterior left ventricle, free of con- 
trast media; an aorta, pulmonary artery, and right ventricle filled as expected; 
and a persistent right aortic arch (Fig. 16). The considerable spaciousness of 
the retrocardiac space, and the right-sided aorta presumably • facilitated 
cloclcAvise rotation of the heart around its long axis. 

The patient came to necropsy tAA ’’0 days after the electrocardiograms AA^ere 
made folloAving. an unsuccessful surgical exploration. There Avas a tetralogy of 
Fallot Avith infundibular stenosis. The right ventricle ranged in thickness from 
7 mm. at the apex to between 7 mm. and 10 mm. at the base. The conus just 
beloAV the stenosis measured 6 mm. in thickness. The Avails of the cavity, par- 
ticularly in its apical four-fifths, Avere irregular, and AA’-ere made up of thickened, 
closely packed trabeculae AA’-hich, hoAA'eA''er, could easily be separated except at 
the base. The left ventricle Avas slightly thicker, and measured 11 mm. at the 
apex and 10 rnm, at the base. Its endocardial surface, in contrast to that of the 
right ventricle, AA'-as relatively smooth throughout. Its AA'^all Avas made up of 
solid muscle rather than of closely packed, interlaced and hypertrophied trabe- 
culae. 

Several facts stand out in this case. The free Avails of the right and left 
ventricles Avere of almost the same thickness, yet the electrocardiogi ams 
displayed intrinsicoid deflections AA’^hich appeared at AAudely different times on 
the tAVO sides of the precordium (Fig. 15). Undoubtedly there Avere multiple 
causes for this, but one possible anatomic reason could hardly go unnoticed, 
namely, the different structure of the tAvm chambers. If reference is made 
to Fig. 3, it AAall be seen that the right ventricular AA^all is made up of 
trabeculae v'-hich in places almost fill the caAuty. The “Avail” itself is made up of 
only the thinnest layer of AA'hat ma}’- be called “solid muscle,” and this is probably 
even thinner in the distended living ventricle. No matter in Avhich direction it 
is assumed that the trabeculae are stimulated, from the outside, from the center, 
or eccentrically, the total electrical effect of these trabeculae must be small. 

♦The authors are grateful to Dr. U. J. Roche for making this angiocardiogram with the help of the 
radiologists at Lenox Hill Hospital, New York, N. Y. 



Fig. 16 . Patient M. F. Teleroentgenogram on left with barium in esophagus, and on the right 
an angiocardiogram made with the patient in the left anterior oblique position. In the latter, the con- 
rasi medium is in the right ventricle, in the aorta, and in the pulmonary artery. The aorta is on the 
ng 1 . 0)6 noted is the considerable distance between the heart and the spine posteriorly. 
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When there is hypertrophy of the chamber, as in the present case, there is merely 
an exaggeration of this situation, perhaps with some increase in the ‘solid” 
wall especially of the base, but the total electrical effect is theoretically still 
small if intraventricular conduction is unimpaired. 

RIGHT AXIS DEVIATION AS A RESULT OF INTRAVENTRICULAR BLOCK WHEN THE 

QRS INTERVAL IS WITHIN NORMAL LIMITS 

The electrocardiograms of Patient J. R. are shown in Fig. 17. This 59- 
year-old patient had arteriosclerotic and pulmonic heart disease with a dilated 
pulmonary artery, and pulmonic valvular incompetence®® whenever he was 
admitted to the hospital in heart failure. However, x-ray films showed a large 
left ventricle as well as a long pulmonary arc (Fig. 18). The lungs were emphyse- 
matous. At the time the electrocardiograms were recorded the patient was 
taking digitalis. 

The curves differed in several important respects when compared with those 
of Patient A. K. (Figs. 12 and 13). Deviation of the electrical axis to the right 
was not so marked. In Lead aVa, the Q wave preceding the late R was deeper. 
The small R in Lead uVl was preceded by a minute Q wave. This lead was 
similar to leads obtained from the left side of the precordium (V5 to V7). The 
ventricular gradient in the frontal plane was further to the left, possibly in part 
attributable to digitalis. The QRS interval was 0.094 second. 

The thoracic leads differed quite markedly (Fig. 17). Leads Vi and Vo 
displayed an initial R wave of small size which was followed by a small S and a 
late large positive deflection which was splintered, so that there was actually 
an R' and R". Contours in Leads Vsr, V,ir, and V sr were similar except that 
R^' could not be identified. Farther to the right, the R could not be seen but 
the R' (now really R) was late,, though small, as far around as Lead Vsr. 
Continuing to the left, Leads Vg, V7, V e, and V 5 showed a different contour with 
an early R, and a broad but similar sized S wave. A small Q was present in 
Leads V5, Ve, and V7 which can be seen better, at least in Lead V 5, in Fig. 19. 

• In Leads V 3 and V 4 there were features simulating both dominant types of 
curves suggesting that these leads were from transitional zones. 

It would appear that rotation, such as was present in the prior two instances, 
was not present in this case (Fig. 18). The small Q and rapid R in Leads V 4 , V5, 
and Ve suggest that these deflections were part of the levocardiogram, and that 
the broad S was in some way caused by events on the right side, or at any rate 
by electrical forces proceeding away from the left side. 

The potential of the right atrium during ventricular excitation consisted of 
an initial small positive deflection, a deep negative deflection, and a late broad 
positive deflection (R') and an inverted T wave. The ventricular cavity (Figs. 
19 and 20), explored at several levels, displayed deflections of the same nature 
throughout except when the electrode was against the endocardium so as to cause 
displacement of the S-T segment. The "average” potential consisted of an R 
wave, usually notched, and a deep S with several smaller notches on its descend- 
ing limb (Fig. 19). 




Pig. 17. — Patient J. R., arteriosclerotic and pulmonary heart disease with intraventricular block. 
In the standard, extremity, and precordial leads, symbols have the same meaning as in previous records. 
The precordial leads were recorded at 0.5 N sensitivity of the string. The QRS inten-al in the standard 
leads was 0.094 second. Time lines, 0.04 second. 

To bo noted are the R wave and splintered R' in Leads Vi and Vo; the absence of splintering of R' 
in Lead Van and other leads -farther to the right; the transitional nature of the ventricular complexes 
in Leads Va and V 4 ; and the small Q (barely perceptible, see Fig. 19) in Leads Vs to Vs. 



. 18. Patient J. R. Teleroentgenogram made with patient standing just after cardiac catheteri- 

zation. Location of the points from which precordial leads were made are indicated by the usual sym- 
jo s. jocation of Lead \ sn can be seen at the extreme lower left. Arabic numerals in a circle indicate 

electrode projected by the central ray of the fluoroscope onto the thoracic 
richt venfririn electrode was in the right atrium; at the other points (1 to 4), it was in the 
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Fig. 19. — Patient J. R. On the left are Leads Vi and Xnvi (right ventricular cavity at Point 4 
Fig. 17), each recorded simultaneously with standard Lead I. The two sets of curves have been selected 
so that the timeline marked vertically as 0.078 .second (from beginning of QRS in Lead I) is approxi- 
mately simultaneous in both. To be noted is the simultaneity of R" in Lead Vi with the last part of 
3 in Lead I, and with the ascending limb of the S wave in the cavity lead. The R wave in Leads Vj 
and Vr\m, and the Q wave in Lead I, are simultaneous. R' in Lead Vi is simultaneous with the first 
part of Si and with the peak of S in the cavity lead. 

On the right are Leads Ys and Ynvi (right ventricular cavity at Point 1, Fig. 17), each recorded 
simultaneously ivjth Lead 1. The two sets of curves were selected so that the timeline marked vertically 
as 0.034 second (from beginning of QRS in Lead I) is approximately simultaneous in both. This demon- 
strates the simultaneity of R waves in Leads V 5 and I with the notch on the descending limb of the R 
wave in the cavity lead. String sensitivities were as noted. Timelines, 0.2 second. 



Pig. 20. Patient J. R. Alead from the right ventricular cavity {Ynv4j "as recorded simultaneously 

with a precordial lead; the exploring electrode of the latter was placed on the chest directly over the 
intracardiac lead, and the indifferent electrode on the left leg (CF). Figures indicate time of deflec- 
tions with respect to the beginning of QRS in Lead I. Absence of positivity in the cavity, except initially, 
is noteworthy. Sensitivities of the strings w’crc as noted. Timelines, 0.2 second. 
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The R wave in the lead from the ventricular cavity was simultaneous with 
the small R wave in Leads V i and V 2 , and with the Q wave in Leads I, V s, V e, and 
V7. The notch on the descending limb of the S wave of the intracardiac lead 
was simultaneous with the S in Leads Vi and V 2 , and with the R in Leads I, 
Yb, V 6 , and V7. R' in Leads Vi and V 2 was simultaneous with the peak of S 
in the cavity lead, but the second notch of R (R") in Leads V I'and V 2 occurred 
at a time when negativity of the right ventricular cavity was rapidly diminishing. 
Written simultaneously with R" was the last peak of the S wave in Leads I, 
V 5, V c, and V7. These relationships are fairly easily seen in the curves of Fig. 19, 
where an attempt was made to align on the left the simultaneous events occurring 
with R" of Lead Vi, and on the right the events occurring simultaneously with 
R in Lead V 5. 

The origin of some of these relationships is quite clear; of others, quite 
obscure. It seems certain that the small R wave in leads from the right side of 
the sternum and from the right ventricular cavity, and the Q wave in leads from 
the far left side, as well as the Q wave in Lead I, resulted from early excitation 
of the left side of the interventricular septum. The simultaneity of the ascending 
limb of R in leads from the left and the initial part of the descending limb of S 
in the right ventricular lead strongly suggests that the latter event in the cavity 
was principally due to propagation of the impulse through the lateral wall of 
the left ventricle. Although this explanation is difficult to sustain on the basis 
of the laws governing currents in volume conductors, further credence is given 
to it by the fact that the peak of the R wave in Lead V 5 was simultaneous with 
the notch located approximately halfway down on the descending limb of the 
S wave found in the cavity lead (Fig. 19). 

The peak of R' in Lead V i was simultaneous with the peak of S in the lead 
from the cavity, which supports the belief that the electromotive force responsible 
for these deflections was the same, and that this force probably was acting across 
the wall of the right 'ventricle. Disturbing, of course, is the fact that this did not 
occur in other cases (W. F. and A. K.) with right ventricular hypertrophy. 
Further, and contrary to the theories thus far developed, is the fact that a longer 
time was required for the excitation to reach the epicardial surface of the right 
ventricle than of the left. This was calculated as follows: In Lead V b (Fig. 19) 
the time was measured from the peak of Q (beginning excitation of endocardium 
nearest the exploring electrode) to the initial peak of S (taken as representing 
complete excitation of the underlying wall); in Lead Vi a similar interval was 
measured from the peak of S (Fig. 17) to the small depression between R' and 
R". It is evident that failure of the last deflection to reach the baseline because 
of the ascent of R" introduces an error in the direction of foreshortening. Never- 
theless, the figure obtained from the left was 0.034 second and from the right 
0.034 second, plus the error referred to. This would mean that the right ventricle 
was thicker than the left if the variables introduced by indirect leading are dis- 
regarded. This, as noted previously, is contrary to anatomic observations, and 
in this patient the left ventricle was enlarged as well as the right, making a con- 
clusion that the right was thicker than the left even less likely. It is almost 
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certain that this deflection (peak of S to peak of R' in Lead Vi) was caused by a 
delay in propagation of the impulse across the right ventricular wall. The e.xact 
mechanism involved is unknown, but the block was very probably distal to 
the right bundle branch. This statement is made because the cavity of the 
right ventricle was negative except in the early part of ventricular excitation. 
If the bundle branch was blocked and the septum was excited from left to right, 
one would expect the right ventricular cavity to be distinctly positive during 
some period of ventricular excitation^^’^s-sa other than the initial period when 
positivity normally occurs.^'^ 

The R" in Lead Vi is interesting in that it occurred at a time when the nega- 
tivity of the right ventricular cavity was decreasing rapidly (Figs. 19 and 20). 
It occurred very late in the QRS interval (0.074 second from the beginning of 
QRS in Lead I). The force responsible for R was of sufflcient magnitude, how- 
ever, to keep the left side of the precordium negative (last peak of S wave in Lead 
Vs). Therefore, it is not believed to have been caused by excitation of the pul- 
monary conus alone (as seen in dogs). There would seem to have been some con- 
siderable amount of muscle, probably around the entire base of the right ventricle, 
which was still being excited long after the action current had been extinguished 
across the remainder of the right ventricular wall. Reasons for saying this 
are that the base of a hypertrophied right ventricle, unlike the apex, is often 
thick and solid instead of trabecular. Further, in the present case, a set of 
precordial leads made one intercostal space below the conventional levels failed 
to display the R", and in Lead V 2 , made in the fifth intercostal space, it was 
actually replaced by a small S. This means that the force it represented was 
proceeding not only to the right but also upward. 

SUMMARY 

1. The physiologic and anatomic reasons for deviation of the electrical 
axis to the right are reviewed. 

2. In certain patients with myocardial infarction, right a.xis deviation 
results when the infarct is so oriented that the left arm is in effect a semidirect 
lead from the cavity of the left ventricle, and is more negative during ventricular 
excitation than the right arm. 

3. Considerations and data are presented which make it doubtful that the 
hypertrophied right ventricle, except in rare instances, can cause right axis 
deviation by itself. Rather, it appears to have its dominant effect on the electro- 
cardiograni by changing the position of the heart in the thorax. 

' 4. In certain diseases characterized by a large right ventricle and condi- 
tions in the thorax which favor rotation of the heart about its long axis, it is 
believed that extreme rotation of this organ with almost complete reversal of the 
electrical fields of the two ventricles in the thorax may occur. 

5. When excitation of all the ventricular muscle requires less than 0.1 
second, and right axis deviation is accompanied by a late R' in leads from the 
right side of the precordium, the deviation and the deflection are probably caused 
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by a delay in propagation of excitation across the free wall of the right ventricle, 
this delay being distal to the bundle branch. Under such circumstances the R' 
may be somewhat exaggerated in size and duration by late components con- 
tributed by the base of the right ventricle, particularly if it is hypertrophied. 
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FLUOROCARDIOGRAPHY (ELECTROKYMOGRAPHY)* 


I. Technical Aspects 

Aldo a. Luisada, M.D., Felix G. Fleischner, M.D., and 
Maurice B. Rappaport, E.E. 

Boston, Mass. 

T he importance of obtaining accurate records of the pulsatory changes of the 
cardiac chambers and the large blood vessels is self-evident. Indirect 
recording, using sphygmography, phlebography, esophagocardiography, and 
cardiography, has been employed for this purpose, but all these methods have 
definite limitations and contain sources of error. 

The roentgen ray permits direct visualization of cardiovascular silhouettes 
and yields more accurate records; tracings of the motion of the cardiac silhouette 
are ivell known as roentgenkymograms. The basic principle of roentgenkj'^m- 
ography is as follows : A slit in a lead screen is placed in front of and perpendicular 
to the contour whose pulsation is to be recorded. A film moves in a direction per- 
pendicular to that of the slit. The motion of that point of the contour on which 
the slit has been centered is recorded by the x-ray beam incident on the film 
passing across the slit. 

Goett and RosenthaF used a single slit, while Hitzenberger and Reich- 
and Zdansky and Ellinger® used two slits. StumpF constructed a screen con- 
taining several horizontal slits a distance of 12 mm. from each other so that kymo- 
graphic records of the entire cardiovascular silhouette were obtained. Cignolini® 
invented another multiple-slit apparatus where several slits could be adjusted 
over points of greatest interest on the cardiac silhouette. 

Roentgenkymography was received with great hope, but its limitations were 
soon recognized. These are of two kinds; those due to anatomic and physiologic 
conditions and those inherent in the technique applied. The anatomic and phys- 
iologic limitations are: (1) Linear movement can be registered graphically 
in its true excursion only if it is observed perpendicularly to the direction of its 
progression. If observed at any other than a right angle, the excursion will 
appear to be smaller than it really is. (2) Only the pulsation of the visible con- 

From the Department of Radiology and the iledical Service. Beth Israel Hospital, Boston, Mass, 
Presented at the Twentieth Scientific Meeting of the American Heart Association, .Atlantic City 
N. J., June 6 and 7. 1947. 

*\ arious names may be found in the literature for tracings obtained by means of the fluoroscope 
and the photoelectric cell.®-'* The best known designation for the method is the name suggested by Henny 
and Boone.'o ‘‘electrokymographj'.” Wo have felt that the name should designate the main field of 
application (cardiology) without omitting the roentgenologic aspect of the method. We have, there- 
fore, proposed*t the term “fluorocardiography.'* 
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lours may be registered, so that no conclusion as to the total change in volume 
of a chamber may be drawn. (3) Pulsations and changes in volume of the cardiac 
chambers and large vessels are transmitted to adjacent structures; this is particu- 
larly true of the transmission of ventricular pulsations to the auricles. The 
pulsations observed at the surface of these structures often represent a summation 
of their own weak pulsation plus all transmitted pulsations. (4) The heart 
performs several types of movements, such as rotation, lateral shift, and elevation 
of its ape.x. Also, the effect of respiration on heart motion must be taken into 
account. These movements distort those solely due to changes in volume of the 
chambers. These considerations make it clear that the amplitude and even the 
direction of individual pulsations may be subject to complicated distortions and 
that any evaluation of the tracings must take into consideration all of these 
sources of interference. 

The limitations in the use of roentgenkymography consequent to technical 
factors are (1) the difficulty of applying the apparatus in a position perpendicular 
to the contour to be plotted because of the rigidity of the slits; (2) the short dura- 
tion of the records obtained (only three or four cycles in Stumpf’s multiple-slit 
kjTOOgraph); (3) insufficient speed of the tracings; and (4) inability to simul- 
taneously record on the same film other tracings of the cardiac action (electro- 
cardiogram, heart sounds, pulse waves, and so forth). Attempts have been 
made®'® to overcome these weaknesses by faster recording over a longer period 
of time, or by densometric transcription of the original records,"* but no great 
improvement resulted. 

Various attempts have been made in the last fifteen years to record fluor- 
oscopic phenomena by means of phototubes. The first of these, by Hjelmare® 
in 1932, was unsuccessful, while the second attempt, by Heckmann® in 1937 
(actinography), was also soon abandoned. 

In 1945, Henny and Boone*® made a significant advance when they 
used a multiplier phototube with a slit connected with the electrocardiograph; 
a simultaneous carotid pulse tracing was used for the timing of the waves. The 
apparatus was called an electro kymograph. An improved version of this appa- 
ratus has been described recently by Henny, Boone, and Chamberlain,** who 
reported on clinical studies in progress. 

Other roentgen kymograph ic devices which operated on the photoelectric 
principle were described in 1946. ’Lian and Minot,*- used a phototube connected 
with a galvanometer for the study of cardiovascular phenomena; they called their 
method radioelectrokymography and used the electrocardiogram as a timer. 
Marchal*® used a very sensitive apparatus for the study of pulmonary vascular 
phenomena; he called his method kinedensigraphy. 

THE APPARATUS 

The transducer employed in this investigation is fundamentally the Henny, 
Boone, and Chamberlain electro kymograph, plus modifications made in order to 
increase the sensitivity or magnitude of amplification. However, increased sensi- 
tivity proportionately increased the amount of artefact, and complete freedom 
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from artefact is imperative for accurate study of slight motions and variations in 
density, especially in the oblique positions. The modifications that were finally 
introduced primarily deal with increasing the ratio between artefact level and 
degree of amplification (Fig. 1). 



The transducer was coupled to either a Sanborn Stethocardiette or a Tri- 
Beam Stethocardiette. The Stethocardiette was used for simultaneous phono- 
cardiogram and fluorocardiogram registration. The Tri-Beam apparatus was 
used when an additional pulse tracing or fluorocardiogram was desired. 

The apparatus is so arranged that when the long axis of the slit is placed 
in the direction of motion of the portion of the silhouette being studied, a con- 
tractile motion registers as a downward or negative wave. If the slit is placed 
completely within the silhouette area, densograms are registered; an increase in 
density registers as an upward or positive wave and a decrease in density as a 
downward wave. 

As in the Henny, Boone, and Chamberlain electrokymograph, the main part 
of the apparatus is an electron multiplier phototube.* This is a high vacuum 
bulb similar in physical appearance to the conventional radio tube. Internally, 
it consists of a light-sensitive photocathode, a system of nine secondary emission 
electrodes called dynodes, and a collector anode. The phototube has a maximal 
response to light, with a wave length of 4,200 Angstroms which is in the blue region. 

tube Is produced by the Radio Corporation of America. Camden, N. J., and is designated 
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The sensitivity of the phototube is 8,200 microamperes per microwatt and the 
maximum luminous sensitivity is 10 amperes per lumen. The electron multiplier 
is capable of a maximum current amplification of approximately one million times. 
The sensitivity of the photocathode to green radiation (approximately 5,000 
Angstroms) is about 70 per cent of the maximum response in the blue portion of 
the light spectrum. 

When the photocathode is exposed to light, a proportionate number of elec- 
trons are released and immediately attracted to a dynode which is at a positive 
potential with respect to.the photocathode. The surface of the dynode is treated 
for secondary emission so that each electron which originates at the photocathode 
displaces several additional electrons at the first dynode. These secondary elec- 
trons are then directed to a second dynode which is at a potential more positive 
than the first -dynode surface and they, in turn, displace many more electrons. 
Since this multiplication process is cumulative in the nine stages of amplifica- 
tion, the -maximum overall current amplification attainable is approximately one 
million times. 

As was done by Henny, Boone, and Chamberlain with different types of 
screens, a strip of Patterson B screen is cemented to the glass envelope of the 
electron multiplier phototube directly in front of the photocathode. When the 
x-rays strike the fluorescent screen, the light emitted by the screen is picked up 
by the photocathode and transformed into equivalent photoelectrons and ampli- 
fied by electron multiplication. Thus, the electrical output of the 931- A tube 
varies in proportion to the movement of the silhouette within the opening of the 
slit. The output of the tube is, in turn, fed into the electrocardiographic channel 
through a potentiometer which functions as a sensitivity control. 

Densograms of the silhouette are registered in a similar manner. The 
strip of Patterson B screen gives off more or less light to the photocathode as the 
transparency of the silhouette varies. 

As has been observed by Henny, Boone, and Chamberlain, the question of 
interference elimination is obviously of utmost importance. There are three 
forms of interference which must be eliminated, namely: (a) electrostatic radia- 
tion from the high tension x-ray equipment; (b) flicker due to the cyclic dis- 
continuity of the x-ray emanations; and (c) fluctuations of the power line. 

The elimination of interference caused by the high tension x-ray equipment 
was the least difficult in that only complete electrostatic shielding of the electro- 
kymographic circuit was necessary. A well-shielded electrocardiograph apparatus 
will not pick up this electrostatic radiation, provided the input circuit is com- 
pletely shielded. Similarly, the piezoelectric type sphygmographic attach- 
ment,^^-^® which may be used simultaneously on the three channel recorder, is a 
completely shielded component which is the input to an electrocardiographic 
channel. The phonocardiographic channel, which is systematically used by us, 
is likewise shielded and completely free of electrostatic interference. Modern 
roentgenoscopes are sufficiently noise-free as to produce negligible artefact in 
the phonocardiograms. 

The anode potential supplied to the x-ray tube may be obtained by full- 
wave or half-wave rectification. A full-wave rectifier applies to the anode of the 
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X-ray tube pulses which are twice as frequent as those of the power line. That 
isr if the frequency of the power line is 60 cycles per second, the output of the 
full-wave rectifier is 120 pulses per second. A half-wave rectifier, on the other 
hand, supplies 60 pulses per second to the anode of the x-ray tube if the power 
line is of the 60 cycle per second variety. Thus, the fluorescent screen flickers 
either 120 or 60 times per second, depending upon whether full- or half-wave 
rectification is used. 

For ordinary roentgenoscopic application, the flicker is of no consequence 
because the human eye cannot perceive it. However, in this transducer the 
flicker is transformed into a cyclic interference in the tracing. The magnitude 
of flicker is. so much greater than that of the waves of the tracing that the latter 
are completely masked. 

Henny, Boone, and Chamberlain, in order to suppress the flicker interference, 
employed a tuned filter. The characteristics of the filter they used permitted a 
maximum attenuation of the flicker interference approximately one thousand 
times. When the transducer with increased amplification was used, we found 
that one thousandfold attenuation was inadequate with the degree of amplifica- 
tion we used. As a result, to make possible the registration of slight silhouette 
movements or density variations imperceptible to the eye, a two-stage resistance- 
gapacitance type parallel -T network attenuator was found necessary. The 
essential differences between the filter used by Henny, Boone, and Chamberlain 
and the one used in our models are: (a) Our filter attenuates the 60 or 120 
cycle per second interference at least one hundred thousand times, as compared 
with an attenuation of one thousand times in the Henny, Boone, and Chamberlain 
model, (b) The configuration and spectral width of the filter used in our tests 
affects the overall response speed to a lesser degree than does the Henny, Boone, 
and Chamberlain model for equal magnitudes of attenuation. 

The significance of (a) is obvious and ne^ds no further discussion. The 
technical analysis of item (b) is- rather complex; however, the significance may 
be illustrated as follows: If the galvanometer which is used in conjunction 
with the transducer has a deflection speed of 0.01 second, Ave observed that the 
effective speed due to the tailing off of the filter envelope when the filter was 
tuned to 120 cycles per second was approximately 0.02 second. If the filter is 
tuned to 60 cycles per second, the effective galvanometric speed is reduced by a 
greater amount. Our tests showed that the “tailing off” effect present in the 
Henny, Boone, and Chamberlain filter modified the speed more than did ours. 
This phenomenon is an extremely important consideration, especially when 
fluoroscopes with half-wave rectification are used. It should be stated here 
that a thorough investigation m.ust be made to determine what the minimum 
effective speed must be so that the tracing Avill not be distorted. Of course, the 
introduction of equalizer circuits may minimize or completely eliminate an)?^ 
possible distortion. Also, filter systems which are more free of the “tailing off” 
effect may become available. 

If electrocardiograms are to be taken simultaneously with the fluorocardio- 
grams, similar attenuators must be interposed between the subject and the elec- 
trocardiographic apparatus. OtherAvise, the unshielded patient Avill pick up 
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sufficient electrostatic radiations from the high tension components of the x-ray 
equipment to completely mar the electrocardiogram. 

The graduated potentials that are applied to the nine dynodes of the electron 
multiplier phototube are obtained from the alternating current power line. 
That is, the power line potential is transformed to the appropriate voltage, 
then rectified, filtered, and divided .among the electron multiplier elements. 
Due to the extremely low frequency amplification that the apparatus must em- 
ploy in order to register -the minute changes in the silhouette, the potentials 
that are applied to the phototube elements must be well regulated. Commercial 
power lines are known to have instantaneous voltage fluctuations to the extent 
of several volts. These fluctuations must be regulated or smoothed out before 
application to the phototube elements or they will register graphically in super- 
position upon the waves of the tracing. Since these fluctuations are several 
thousand times as large as the potential variations emitted by the photocathode 
when registering slight silhouette changes, they would completely mar the 
record. 

Henny, Boone, and Chamberlain regulate the line voltage fluctuations by 
means of a voltage regulating transformer which is interposed between the 
electrokymograph and the commercial power line. These stabilizing trans- 
formers are in common use in electrical equipment and are commercially avail- 
able from transformer manufacturers. The common variety of regulating trans- 
former is rated to maintain the output voltage within plus or minus 1 per cent 
for a total primary variation of 30 per cent. Specially adjusted regulating 
transformers may be obtained in which the regulation is improved to approxi- 
mately 0.5 per cent. We observed that the degree of regulation obtainable with 
a regulating transformer was insufficient to eliminate all the effects of line voltage 
fluctuation when the sensitivity of the transducer was increased. The line 
voltage fluctuations were regulated in our experimental models to a point at which 
the maximum fluctuations, whether instantaneous or gradual, produced insig- 
nificant artefact in the tracing. This Avas accomplished by electronic regulation, 
which is capable of regulating voltage variations much more effectively than is 
possible with the transformer method. There are several well-known methods 
for obtaining electronic regulation which are well described in the electronic 
literature. 

Van Allen^® in his investigation on different types of fluoroscopic screens 
for their phosphorescence or lag, found that the green fluorescent Patterson 
type B screen showed the smallest amount of lag. The result of Van Allen’s 
studies demonstrates that the error due to phosphorescent lag is less than 1 
per cent in our device. 

Increased sensitivity was obtained in our experimental models by optimum 
impedance matching between the electron multiplier phototube and the registra- 
tion apparatus. The loading of the electron multiplier in the Henny, Boone, 
and Chamberlain electrokymograph creates a severe mismatch with resultant 
loss in amplification , especially when the string galvanometer is employed without 
a stage of electronic coupling. 
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Henny, Boone, and Chamberlain have employed the pulsations of the right 
carotid artery for timing the waves of their electrokymograms, which were 
registered by means of a mechanical-optical device. Even though the piezo- 
electric sphygmogram, as described by Miller and White, is free from the errors 
inherent in the mechanical-optical system, we chose the phonocardiogram for 
timing the waves of our tracings. The transmission time of the cardiac sounds 
in the chest is so infinitesimally small as to be unmeasurable with the, registra- 
tion techniques employed for this type of work. Also, Rappaport and Sprague^® 
have shown that the first and second heart sounds may be broken down into events 
which a're of considerable aid in timing the phases of cardiac action. Of course, 
the third heart sound and auricular sound that often are present in the phono- 
cardiogram may also aid in timing these phases. The phonocardiogram, there- 
fore, is capable of timing practically every mechanical event in the cardiac cycle, 
which is not true of the sphygmogram. 

TECHNIQUE OF APPLICATION 

The pickup device (Fig. 2) is attached to a standard fluoroscopic screen by 
means of a brace. It is centered on the screen so that it is fully exposed to the 
x-ray beam with the fluoroscopic diaphragm narrowed down to a small field. The 
slit may be placed either across the border of a moving shadow or fully against 
the center of the latter. In the latter instance, the tracing is a densogram. 

Healthy individuals and patients were studied both in the recumbent and 
sitting positions, the procedure being essentially the same in both instances. 
A revolving stool was used for studies made with the patient in the sitting position. 
For every positioning of the pickup device, the shutter is opened for orientation 
and narrowed again as soon as the slit is brought into position. 

As a routine, with the patient in posteroanterior position, we start on the 
left side, first plotting the apex of the heart just above the diaphragm (Fig. 3); 
another tracing on the upper part of the left ventricle is then taken. This study is 
followed by that of the appendage of the left auricle, which often is better visual- 
ized by a 10° to 15° rotation toward the left oblique position. The pulmonary 
artery usually is visible, but sometimes it is advantageous to turn the patient to- 
ward the right oblique position through an angle of 10 to 15 degrees. Next, the 
aortic knob, corresponding to the distal portion of the aortic arch, is easily brought 
into position. The descending aorta can be studied in the left oblique position by 
placing the slit vertically either against the spine or between it and the heart. 
We then have- a densogram of the aorta (Fig. 4). 

On the right side we usually trace the right auricle at its most prominent 
point ; occasionally, also at a lower point of its contour. In some cases a good trac- 
ing is obtained by using the uppermost portion of the right auricle with some rota- 
tion toward the left oblique position ; in this case we assume that we are centering 
upon the appendage of the right auricle. 

The ascending aorta can be studied in normal young subjects by using a 10° 
left oblique position. Its study in the posteroanterior position is possible in ma- 
ture or old individuals when atherosclerosis and dilatation of the vessels are 
present. 




Fig. 3. — Chest film in postoroanterior position. The slit of the schematic pickup device is placed at^ 

the cardiac apex. 
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anterior oblique) : ami (17) right auricle, posterior wall. 
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We have not always been successful in obtaining a satisfactory tracing of the 
superior vena cava. In addition to greater deflections, similar to those of the 
jugular phlebogram, there are often a large number of additional vibrations. 
Since we were working with healthy young individuals, it was occasionally 
difficult to visualize fluoroscopically the vena cava clearly enough to place the 
pickup unit correctly. , On the other hand, we found it easy to obtain excellent 
tracings of the inferior vena cava which is seen either in the straight postero- 
anterior or in the right oblique position. The patient holds his breath in deep 
inspiration for this procedure. 

For the plotting of the hilar pulsations, we preferred the right hilar shadow 
as the one more clearly exposed. With the intention of plotting a densogram of 
the hilar vascular convolution as a whole, the slit was placed vertically across the 
hilar vessels as far away from the vascular shadow as possible. 

For the recording of the peripheral pulmonary pulsations, the slit was placed 
vertically, either over the upper or the lower lobe of a lung, a few centimeters 
above the diaphragm. This tracing is a densogram of the lung. 

For better exposure of the left auricle we chose a right oblique, sometimes 
almost a lateral, position, and placed the slit from 3 to 4 cm. below the level of the 
bifurcation of the trachea across the contour of the auricle where it is well seen 
against the clear space of the right bronchus. Whenever the left auricle is 
extremely dilated and its borderline is not clear, a densogram of the chamber is 
recorded. In many cases, however, the left oblique position is sufficient 'for a 
good tracing. 

The pulsation of the right ventricle is best picked up in the straight lateral 
view just above the point where it separates from the anterior chest wall. For 
reasons not entirely explained so far, we have not been always successful in 
obtaining a satisfactory tracing of the right ventricle with a normal subject in a 
sitting position, although there has been no difficulty in obtaining a satisfactory 
one with the subject in the recumbent position. However, patients with right 
ventricular hypertrophy usually yield good tracings in the sitting position. Ac- 
tually, the tracing of the right ventricle is often a densogram of this chamber. 

The roentgen exposure of the skin of the patient during this procedure is 
within safe limits. Our ordinary routine technique for chest fluoroscopy is used, 
that is, 5 milliampere at 65 to 70 kilovolts with an inherent filter of 1 mm. of 
aluminum. The orienting fluoroscopy with the wide open shutter takes only 
a few seconds. With the pickup device in place, the shutter is narrowed to 
an opening of about 25 square centimeters. The actual recording dees not 
require more than two minutes, including the adjustment of the amplifier. 
Thus, with the portion of the skin changing with each position of the pickup 
device, the dose applied to the skin is within safe limits. 

INTERPRETATION OF THE TRACINGS 

The polarity of the apparatus is arranged so that an increase in light causes 
a downward movement of the tracing. Therefore, any fall in the curve indicates 
either an inward motion of the cardiac border if the slit is across the border 
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of the cardiac silhouette, or a decrease in the thickness of the structure if the 
slit is over a homogenous area, and a densogram is recorded. On the other 
hand, every rise of the curve indicates either expansion of the cardiac or arterial 
border or increased thickness of the structure (densogram). 

Any kymographic wave occurring before the first large vibration of the 
first sound, as recorded in the phonocardiogram,’ is presystolic; any wave occurring 
after the last vibration of the second sound is diastolic; any wave taking place 
between the beginning of the first sound and the end of the second is systolic. 

The tracing has no well-defined baseline. An arbitrary zero line can be 
made by drawing a line, passing through that point of the curve which is between 
the auricular and the ventricular waves of the cardiac tracing (if the rhythm is 
normal). Its equivalent point, namely, the point from which the venticular 
wave begins, can be used if there is no auricular contraction. The foot of the 
wave will mark the zero point in the tracings taken over the arterial tree of the 
lung. 

We feel that the method is simple, accurate, and satisfactory in the study 
of cardiac and vascular pulsations. 


SUMMARY 

Utilizing the Henny-Boone method, but with some modifications, an appa- 
ratus has been built which is capable of recording minute pulsations imperceptible 
to the naked eye. The tracings are obtained by the use of the fluoroscope, an 
electron multiplier photoelectric cell, a screen with a slit, and a phonocardiograph- 
electrocardiograph. A technical description of the apparatus and a list of the 
modifications are given. 

As a routine procedure, the phonocardiogram was found preferable as a timer 
because it is accurate, easy to record, and in close time relation with the valvular 
events of the heart. The tracings are recorded at a film speed of 75 mm. per 
second. 

The name fitiorocardiography is suggested for the method, as being more 
descriptive than previously employed terms. 

The pulsations of the following structures have been studied : (a) left and 

right ventricles; (b) left and right auricles; (c) pulmonary artery; (d) aorta 
(ascending, arch, and descending) ; (e) superior and inferior venae cavae; (f) hilar 
shadows; and (g) pulmonary parenchyma. 

The optimum positioning of the slit for obtaining clinically relevant records 
is discussed. These may be obtained either by placing the slit across the visible 
border of the visible silhouette or entirely within the shadow of a structure; 
the latter are den so grams. 

We wish to tMnk the Sanborn Company of Cambridge, Mass., for their generous help and 
friendly cooperation. We also wish to thank Doctors W. E. Chamberlain, B. R. Boone and 
G. C. Henny of the Temple University Medical School for generously putting at our disposal 
initial unpublished information of a technical character. 
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II. Observations on Normal Subjects 

Aldo a. Luisada, M.D., Felix G. Fleischner, M.D., and 
' Maurice B. Rappaport, E.E, 

Boston, Mass, 

I N PREVIOUS communications*'^ the authors, following the initial work of 
Henny, Boone, and Chamberlain,®*^ have discussed certain of the technical 
aspects of photoelectric roentgenkymographic tracings which Henny and asso- 
ciates have termed “electrokymograms” but for which we have proposed the 
term “fluorocardiograms” as being more descriptive. In these reports, the 
basic Henny, Boone, and Chamberlain electrokymograph and our modifications 
have been described. In addition, the x-ray technique and the preferable 
positions for registering the pulsations of -the various portions of the cardiac 
border, the large vessels, and the lungs are discussed. As a routine procedure, 
we have used the phonocardiogram as a means for timing the component waves. 
The physiologic observations which follow are based upon a study of twenty 
normal subjects whose ages ranged from 15 to 70 years. 

GENERAL CONSIDERATIONS 

As we have already pointed out,*-- roentgenkymographic tracings of any 
point of the cardiac silhouette may represent the summation of: (a) Motion 
due to changes in volume of the chamber in systole and diastole; (b) motion due 
to rotation and total shift of the heart; and (c) traction resulting from motion of 
other adjacent cardiovascular structures. The possible causes of traction of 
any structure upon another are many; in particular, one auricle may show the 
effect of traction by a ventricle or by the large arteries. These distortions of the 
pulsatory phenomena proper have been established by classical roentgenkym- 
ography (Fig. 1). 

• The visible changes in volume are greatest in the left ventricle, and decrease 
in the following order: (a) left ventricle, with highest amplitude at the apex; 
(b) aorta; (c) pulmonary artery; (d) right ventricle; (e) auricles; (f) venae cavae 
and hilar shadows; and (g) lungs (Figs. 2 and 9). 

These movements may be seen by fluoroscopy for the most part, but de- 
tailed analysis is possible only by graphic tracings which are accurate as to time 
and amplitude. 

Read at the Twentieth Annual Scientific Meeting of the American Heart Association, Atlantic 
City, N. .1., June 6 and 7, 1947. 

From the Department of Radiology and the Medical Service, Beth Israel Hospital, Boston, Mass. 
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Fig. 1. — Heckmann’s scheme of the motion of the left (above) and right (below) heart borders 
in the roentgenkymogram. The shaded line represents the actual tracing which is the resultant of 
volumetric changes (dot-dash line) and of positional changes (broken line). !(from Roesler, Hugo: 
Cardiovascular Roentgenology, Springfield, 1945, Charles C. Thomas, Publisher.) 




Fig. 2. — Comparison of four tracings recorded on the, .same individual with the same amplification. 
A, Apex; B, high left ventricle: C, aortic arch; and D, pulmonic arch. 

The phonocardiogram in A appears somewhat different in configuration, although taken on the 
same subject. This is due to relocation of the microphone for optimum visualization of the heart. 
Similar phonocardiographlc dltrerences will occur in the subsequent Illustrations for this reason. 






Fig. 3. Tracings recorded in the sitting position in three different subjects. The distention of the 
ventricular wall because of auricular contraction is mainly apparent in tracing B. Tracings A and B 
were recorded at the apex. Tracing C was taken in Position 3.* 

tation is that the left auricular contraction pushes a certain amount of blood 
into the left ventricle, causing a dilatation of its apical region; tracings recorded 
on patients with auricular fibrillation do not show this small positive wave.. 
1 he tension period (isometric contraction) of ventricular systole is evidenced 
by the sm all depression, probably because of slight torsion of the heart (Fig. 3, B). 

'This and other positions which will be referred to have been described in a previous paper.’ 






LUISADAETAL.: FLUOROCAPDIOGRAPHY (ELECTROKYMOGRAPHY) II 351 

In a tracing recorded at the apex, the main ventricular wave consists of a 
large downward deflection which starts at the end of the first sound-complex 
if this is short, or at the time of the second largest vibration of the same sound; 
this has been 'explained as due to the opening of the aortic valve."* There is, 
therefore, ,a striking coincidence between the phases of the fluorocardiogram 
and those of the phonocardiogram. The beginning of the ventricular wave is 
due to the decrease in volume of the ventricular piass. 

The descending branch of the ventricular wave reaches its lowest point at 
a time which varies in different subjects and positions. It is apparent that 
rotation and displacement of the apex, in addition to volume changes, influence 
the true relationship of the point of maximal fall. In most cases, this point 
coincides with the largest vibration of the second sound-complex, that is, with the 
closure of the aortic valve. This precise coincidence, which is more commonly 
seen with the subject in the sitting rather than in the lying position, proves 
that the tracing of the volume changes of the left ventricle is accurate in its 
timing. In some subjects, particularly when they are examined in the supine 
position,, the maximal drop takes place after the completion of two-thirds of 
ventricular systole and is followed by either a shallow curve or a gently ascending 
slope. Frequently in the latter cases, a small notch is present at the time of 
the Second sound. 

The return of the tracing to the base line does not occur evenly : first, there 
is a rapid slope which ends at the time of the third heart sound if this sound is 
present (rapid filling of the left ventricle); this is followed by a more gradual 
slope, or even a horizontal line, which continues until the beginning of the 
following cycle. In some cases, a little rebound is present at the beginning of 
diastole. 

Densogram: The densogram of the left portion of the ventricular mass 
resembles an apical tracing. However, the ascending limb of the curve (diastole) 
is slower and reproduces less accurately the events of the cardiac cycle. 

Convexity of the Left Ventricle: When the slit is placed higher on the con- 
vexity of the left ventricular silhouette, the undulations of the tracing reproduce 
the volume changes of the chamber more faithfully and denote to a lesser degree 
the extraneous effect of the motion. The total depth of the ventricular wave is 
approximately 40 to 50 per cent of that recorded at the apex (Fig. 3, A and C). 
The coincidence between the lowest point of the ventricular wave and the main 
vibrations of the second sound is seen more regularly in this position. 

Other Points on the Ventricular Surface: The left ventricle can be studied 
in various projections, such as the left anterior oblique (posterior aspect) and 
the right anterior oblique at 20° or the left posterior oblique (anterolateral 
aspect). Tracings recorded in these positions give basically the same type of 
tracing as that of the left margin in the posteroanterior position, except that 
the waves are smaller and the lowest point of ventricular systole frequently is 
represented by a shallow curve rather than a sharp angle. 
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Right Ventricle (Fig. 4). — ^The study of right ventricular contraction is far 
more difficult than that of the left. Indirect evidence of right ventricular 
activity may often be found in the tracings of the right auricle in the postero- 
anterior view; however, they cannot be considered accurate, even in cases of 
auricular fibrillation. The best tracings are recorded in the straight lateral view 
with the slit placed where the cardiac shadpw separates from that of the an- 
terior chest wall, or just below this spot. Recording of a slightly higher 
segment in normal individuals frequently has yielded tracings of an arterial type 
(pulmonary artery). We feel that the tracings of the right ventricle are a com- 
posite of the pulsations of the contour plus a densogram of the anterior part of the 
right ventricle. 



Fig. 4. — Tracing of the right ventricle in. Position 16. 


The tracing of the right ventricle presents only a small positive wave at the 
beginning of the first sound-complex. Later, it shows a curve comparable to 
that of the left ventricle in all details. The absolute amplitude of the right ven- 
tricular wave is far less than that of the left. This is not evident in our tracings 
because higher amplification is displayed except in instances of comparative 
studies. 

Left Auricle (Fig. 5). — ^Studies of the left auricle were made in three different 
positions: (a) in a left oblique (left auricular appendage); (b) in left oblique, 
at 45 or more degrees; and (c) in right oblique, at 45 or more degrees. 

While the tracings of the three positions are similar, one of the three is some- 
times inferior to the others because of individual conditions. 

The typical tracing shows a downward wave which occurs in the presystolic 
portion of ventricular diastole. This auricular wave is rounded and small 
in some subjects, but is deep and sharp in others. The beginning of the auricular 
wave is about 0.14 second before the first sound. However, if the heart rate is 
rapid, there is no sharp distinction between early diastolic and presystolic waves: 
only one slow wave is present in diastole with maximum depth at the time of 
maximum left auricular contraction. The peak of the downward auricular wave 
is reached either at the tirne of the first v'ibration of the first sound-complex or 
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slightly before. If an auricular sound is present, it is seen during the downward 
slope of the auricular wave. The presystolic wave is much deeper in patients 
with left auricular hypertrophy, while it disappears in patients with auricular 
fibrillation. 

After the presystolic wave, the tracing rises’ sharply at first, then slowly 
up to the middle of ventricular systole; it often presents two negative Avaves, 
one in systole and the other in diastole. 
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Fig. 5. — Tracings of the left auricle; A, Tracing recorded in Position 14 with the subject sitting: 
B, Tracing recorded in Position 4 with the subject lying. Tracing A presents a very deep presystolic 
wave and nearly no trace of ventricular activity. Tracing B shows two negative waves, one presystolic. 
and one in early sj'stole: after the latter, the tracing rises gradually until after the second sound. In 
both tracings, the auricular wave begins 0.10 second before the first vibration of the first sound-complex 
while the peak is reached about 0.02 second before it. 


The systolic wave of the left auricular tracing is related to the dynamics 
of the left ventricle. The contraction of the left ventricle lowers the auriculo- 
ventricular septum; this creates suction within the left auricular cavity which 
is not immediately compensated for by increased inflow of blood. Therefore, 
an inward movement of the free auricular wall takes place. This is shorter in 
duration than the corresponding ventricular contraction owing to the venous 
inflow which dilates the auricle. The highest level of the tracing is reached not 
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at the end of ventricular systole, but slightly afterward when the mitral valve 
opens. 

After the end of the systolic wave, a third negative wave may occur, the 
diastolic collapse. This probably is due to the passive flow of blood into the 
left ventricle when the mitral valve opens. 

When the left auricle is greatly enlarged, but is not visible on the right 
heart border, and when its dorsal contour is not clearly visible, a densogram can 
be taken. Such a tracing presents a clear-cut presystolic downward wave. How- 
ever, this is not as informative as a tracing of the contour, because of interference 
by the pulsations of the pulmonary veins and branches of the pulmonary artery. 

The tracing of the left auricular appendage is sometimes not accurate 
‘ during ventricular systole if the pulmonary artery is dilated; the record taken in 
the left oblique position may not be accurate during ventricular systole if the 
descending aorta is enlarged. 


Right Auricle (Fig. 6). — The tracing recorded over the margin of the right 
auricle is similar to that of the left auricle. Contraction of the auricle durinc 
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this, the tracing either reaches the base line or rises above it, but drops again dur- 
ing ventricular systole. 

Ventricular systole is manifested by a sharp downward wave which often 
is deeper than the auricular wave. However, it terminates early at about mid- 
systole. The subsequent course of the auricular tracing varies with the position 
of the subject. In the sitting position, the tracing rises slowly and attains its 
maximum height at the time of tricuspid opening; in the recumbent position, the 
rise is quicker and there may be a convex line which brings the tracing far above 
the base line. Another drop, however, takes place after the opening of the 
tricuspid valve, the diastolic collapse. 

In summary, there is a presystolic collapse, a systolic collapse, and, fre- 
quently, an early diastolic collapse. The early diastolic and the presystolic 
collapses are apparently due to changes in volume of the auricle, the former 
because of passive inflow from the right auricle into the right ventricle, and the 
latter because of right auricular contraction. The cause of the systolic collapse 
may be open to discussion. We feel that it is due mainly to a decrease in pressure 
within the auricle because of traction on the auriculoventricular septum, and 
not to a total displacement. Such a mechanism would give rise to an early end 
of the systolic wave, because the inflowing blood increases the auricular volume. 
The same mechanism explains the difference observed in the sitting and supine 
positions, because there is a greater and faster inflow from the inferior vena cava 
in the recumbent position. 

Whenever there is tachycardia, the early diastolic wave merges with the 
presystolic wave, indicating that ventricular filling is continuous, first in a passive 
manner and later as a result of auricular contraction. 

While evidence of right auricular contraction is often difficult to obtain by 
common clinical methods, we have always found a deep, sharp auricular presys- 
tolic wave in cardiac patients with sinus rhythm. On the other hand, whenever 
auricular fibrillation was present, no presystolic wave has been obtained. 

Attempts to record a densogram of the right auricle are not always successful 
due to the superim position of the right auricular shadow over that of the right 
ventricle. 

Ascending Aorta (Fig. 7, A ). — It is not always possible to record a tracing 
of the ascending aorta in the straight posteroanterior position in normal young 
individuals because of the fusion of the shadows of different structures. 
In the left oblique position, a tracing of the ascending aorta is usually possible. 

When, however, the ascending aorta is dilated as a consequence of athero- 
sclerosis, hypertension, or vascular syphilis, a tracing can be recorded both in the left 
oblique position and in the posteroanterior position. In such cases, the 
tracing is typical and the rise coincides exactly with the second large vibration 
of the first sound-complex or, if this vibration is not distinct, with the second 
half of this sound. The tracing of the ascending aorta may assume a plateau- 
like aspect. 

Aortic Arch (Fig. 8). — ^The tracing of the aortic arch can be obtained in all 
subjects. It presents marked individual variation in its shape. .Its common 
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features are: (a) a small positive wave during the first part ‘of the first sound- 
complex, probably due to rising of the aortic vah^es at the time of isometric 
contraction; (b) a sharp rise, starting with the second large vibration of the first 
sound-complex (opening of the semilunar valves) and continuing until the end 
of the sound; (c) an anacrotic dicpression in the first part of systole; (d) a peak 
which usually occurs in the last part of systole but well before the second sound; 
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Fig. 7. — Tracings: A, of the ascending aorta in Position 17 (70-year-old woman) and B, of the 
descending aorta in Position 15 (25-year-old man). The rise of the pulse takes place at the time of the 
opening of the semilunar valves in Case A and 0.04 to 0.05 second later in Case B. The peak of the 
wave is reached 0.08 second after the opening of the semilunar valves in Case A and 0.18 second in 
tracing B. 


(e) a predicrotic notch, which may coincide with the second sound or form a short 
pleateau, prolonged slightly after the second sound; (f) a dicrotic wave, which 
usually is small and rounded; and (g) a few small after- vibrations. 

A comparative study of the fluorocardiograms of the aortic and pulmonary 
arches by simultaneous tracings, as well as by recording each of them simul- 
taneously with the subclavian pulse, has shown a precession of 0.02 to 0.03 second 
in the rise of the pulmonic pulse over that of the pulse of the aortic arch. 
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A densogram of the aortic arch gives a tracing which is similar to that 
just described. 

Descending Aorta (Fig. 7, B ). — ^Since the descending aorta often does' not 
present a sharp contour on fluoroscopy, only a densogram is possible in many 
normal subjects. The tracing is similar to that of the aortic arch, but shows 
a slight delay in the rise of the pulse in comparison with the rise in the arch. 



Fig. 8. — Tracings of the aortic arch (Position 6) in two different subjects. The rise of the pulse 
takes place 0.03 second after the opening of the semilunar valves in both cases. The peak is reached 
0.02 to 0.03 second before the closure of the semilunar valves. 

Pidmonary Artery (Figs. 9, A and 10, .4). — ^The tracing of the pulmonary 
arch is usually easily obtained. Occasionally, a large left hilar «• shadow or a 
dilated descending aorta may distort the tracing. The pulsations of the latter 
structures, recorded as densograms in this instance, are of a much smaller 
amplitude and their influence on the tracing of the pulmonary artery consists 
only in a smoothing of the waves without other distortion. 
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The tracing of the pulmonary arch usually fails to show any upward wave 
during the first part of the first sound-complex. The pulmonic pulsation starts 
with the opening of the pulmonic valves (second part of the first sound-complex), 
then rises sharply, and occasionally shows a slight change of the slope which 
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Hg. 9. Tracings of the pulmonary artery. A, of the right hilar shadow; J3, and of the right lung; C, 
recorded tvith the same degree of amplification. 

a 

is the equivalent of an anacrotic depression. The peak is reached after two- 
thirds of ventricular systole is completed. The predicrotic notch is usually deep 
and occurs^ 0.06 and 0.08 second after the main vibration of the second sound, 
e dicrotic wave is usually well defined and is higher than that of the aorta. 
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Hilar Shadow (Figs. 9, B and 10, B ). — ^The tracing of the hilar shadow is a 
densogram and represents the variations in the opacity of the hilar region caused 
by changes in the blood content. A comparative study has shown that the 
amplitude of the normal hilar pulsation is approximately between one-half and 
two-thirds that of the pulsation of the pulmonary arch. Additional pulsatory 
phenomena transmitted from the heart and great vessels influence the tracings 
of the hilar vessels. However, our studies have led us to the conclusion that these 
influences do not detract from the value of hilar vessel tracings. 

When sufflciently amplified, the record of the hilar shadow appears as a 
typical arterial tracing. The pulsation of this structure occurs approximately 
0.04 second later than the pulsations of the pulmonary artery; the rise of the 
hilar pulse starts approximately 0.12 second after the beginning of the first sound 
complex. The peak of the pulse wave is reached at the time of or slightly after 
the main vibration of the second sound. It may be followed by a small notch 
and then by a small dicrotic wave. In some of the subjects, the main pulse 
wave is preceded by a negative wave which is synchronous with the peak of the 
carotid pulse,. 

While there is no doubt that the positive wave of the hilar pulse signalizes 
the arrival of the arterial pulse wave in the branches of the pulmonary artery, 
one may ask whether the pulsations of the pulmonary veins also influence this 
tracing. Actually, apart from the smaller depth of both the negative systolic 
wave and the presystolic wave, some tracings of the right auricle are similar 
to those of the hilus and lung. However, since the auricular contraction should 
increase rather than decrease the size of the pulmonary veins, this interpretation 
is not an acceptable explanation of the presystolic wave. On the other hand, 
the early systolic depression may be due to the acceleration of the pulmonic 
venous flow which takes place in that phase. 

Lu7igs (Figs. 9, C and 10, C). — The densogram of the lung is a tracing Avhich re- 
sembles that of the hilus. However, the following differences are present : (a) There 
is a greater delay in the rise of the pulse wave; this taking place from 0.16 to 0.18 
second after the beginning of the first sound-complex, and about 0.04 second 
after the rise of the pulsation of the hilar shadows, (b) There may be a greater de- 
lay of the peak, this occurring from 0.08 to 0.10 second after the main vibration of 
the second sound-complex, (c) The curve is more rounded and exhibits no trace 
of either the predicrotic notch or the dicrotic wave. 

On the other hand, both the presystolic and the early systolic downward 
waves, already noted in the hilar tracing, may be present' in lung tracings. As 
changes in the venous content of the lung are also recorded by our tracing, it is 
possible that these waves, or, at least, their early systolic phase, are influenced 
by the effect of auricular and ventricular contractions. 

A comparative study has shown that the normal hilar pulsation is about 
one-half the height of the pulsation of the pulmonary artery, and that the pulsa- 
tion of the lung is about one-half the height of the hilar pulsation (Fig. 9). 

Superior Vena Cava (Fig. 11, A ). — A good tracing of this structure is seldom 
recorded in normal individuals in either the sitting or the recumbent position. 
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Occasionally, it is possible to obtain a tracing which resembles the jugular tracing 
and which shows classically the three positive waves, on which are superimposed 
smaller vibrations apparently of transmitted origin. The first is an early systolic 
' wave which is sharp and well defined; the second is midsystolic; and the third, 
extremely variable in position, is a wave which takes place in either early or 
mid-diastole. 

Inferior Vena Cava (Fig. 11,^). — This tracing as recorded far more easily 
than that of the superior vena cava, as Jong as the subject is able to hold his 
breath in deep inspiration. The best tracing is recorded with the patient in 
slight rotation toward the right oblique. 
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apparently is due to the slow engorgement of the vein occurring while the tri- 
cuspid valve is closed. The drop which follows occurs after the valve opens. 
The collapse reaches its maximum depth after the middle of diastole (diastolic 
collapse). No “c” wave is observed in the tracing of the inferior vena cava. 

The tracing of the inferior vena cava is similar to that of the liver in a 
normal person and is the result of the same physiologic phenomena. 

DISCUSSION 

Fluorocardiograms show great similarity to tracings recorded on animals 
in open chest experiments, that is, plethysmograms, intracardiac pressure curves, 
intra-arterial and intravenous tracings, and suspension curves. In spite of 
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lUg. 12. Schematic fluorocardiograms of the auricles and largo veins and their time relation with 

various other clinical tracings. 
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certain limitations of fluorocardiography, due to anatomic and physiologic factors,^ 
the close similarity of these tracings with the established physiologic facts proves 
the applicability and value of the method. 

The timing of the different waves is easily obtained from a phonocardiogram 
simultaneously recorded. This clinical tracing gives more detail than an arterial 
tracing, is not modified by slow transmission of the waves (like a jugular tracing), 
and is more easily and more constantly recorded than a cardiogram. 



Fig. 13. — Schematic fluorocardlograms of .the great vessels and lung, illustrating the time relationsliip 

Tvith other clinical tracings. 


The use of the electrocardiogram as a timing device is less exact because of 
the variable time relation between the action currents and the contraction phe- 
nomena. The electrocardiogram might have a limited value as a timer in patients 
with loud or continuous murmurs, but only for tlie purpose of deciding where 
ventricular systole begins. 
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Fluorocardiography. permits the study, not only of the motion of cardiac 
chambers and of the large vessels, but also of certain other structures, such as 
the medium-sized (hilar shadows) and small (lung parenchyma) pulmonary vessels, 
and the inferior cava, which have not been accessible by other means. 

In the study of the various cardiovascular structures, the following points 
are considered : 


2nd 



(a) The amplitude of pulsation-. This can be evaluated by comparing the 
amplitude of pulsations of one structure with that of another, where the pulsa- 
tions of both structures are recorded with the same degree of amplification."^ 

(b) The shape and time of various waves-: These can be evaluated by the 
use of optimum amplification and by timing the tracing with a phonocardiogram. 

(c) Abnormal movements-. Transmitted and inherent pulsation can be 
differentiated. 


♦The degree of amplification can be evaluated by a scale, marking the position of the dial. How- 
ever. the degree of motion or density change of the cardiac silhouette cannot be expressed in exact 
numbers. Such a standardizer seems to be within the realm of possibility. 
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(d) Dissociation between various chambers (dissociation between the auricles, 
bundle branch block, A-V block) : This is best accomplished by simultaneously 
recording the pulsations of the tAvo chambers being studied, using two fiuoro- 
cardiograms and a phonocardiogram. 

Rappaport and Sprague® have shown that the first heart sound is composed 
of four components. Among these, the following are the most important for 
timing purposes; (1) a large vibration which occurs at the beginning of the 
isometric contraction of ventricular systole, and is due to the closure of the mitral 
and tricuspid valves; (2) another large A'^ibration v^hich occurs at the beginning of 
the ejection period of A^entricular systole, and is caused by the opening of the 
semilunar A^ah^es. 

In the second sound, as analyzed by Rappaport and Sprague,® the folloAAung 
vibrations haA^e importance for timing purposes: (1) a group of high vibrations, 
AA'hich are caused by the closure of the semilunar vah^es at the end of ventricular 
systole; and (2) a small Aubration AA^hich is caused by the opening of the mitral and 
tricuspid A^ah^es at the beginning of ventricular diastole. 

The coincidence betAA^een vibrations of the phonocardiogram and AA^aves of the 
fluorocardiogram confirms the interpretation of the various Avaves and vibrations 
of the sound tracing, as advocated by previous investigators;^’® in particular, 
it has been confirmed that: 

(a) Tavo different Anbrations of the first sound-complex often mark the 
closure of the A-V A^alves and the subsequent opening of the semilunar valves, 

(b) The main Aubration of the second sound-complex is due to closure of the 
semilunar A^ah^es, Avhile the subsequent opening of the A-V valves takes place 
later and is frequently marked by another small vibration. 

(c) The third sound is due to the rapid filling of the ventricles in early 
diastole. 

Figs. 12, 13, and 14 haA^e been constructed on the basis of our tracings 
in order to facilitate comparison. 

SUMMARY AND CONCLUSIONS 

Fluorocardiogram s (electrokymograms) , recorded over various cardio- 
vascular structures, have been studied in tAventy normal subjects. These 
tracings are compared AAuth simultaneously recorded phonocardiograms. 

The identification of the various AA^aves and their relation to the phases of the 
cardiovascular dynamics are discussed. They may be attributed to tAAm different 
phenomena: (1) motions of the x-ray silhouette caused by changes in volume 
in systole and diastole, and (2) motions due to rotation, traction, or total shift 
due to contraction or dilatation of either the same or some other cardioA'^ascular 
structure. 

The tracing of the apex reveals a small positive AA^ave due to completion of 
filling as the effect of auricular contraction, a small subsequent notch and a deep 
negative Avave in systole, a rapid rise in early diastole, and a sIoav rise later. 
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The causes of these phenomena are discussed. The possible lack of coincidence 
between the deepest point of the systolic wave and the second sound is attributed 
to displacement of the ventricular mass. Tracings recorded over any other point 
of the left ventricle give smaller waves and a faithful expression of ventricular 
systole. The same is true for the right ventricle, whose contraction can be re- 
corded in the lateral positions. 

• Both left and right auricular tracings reveal first the results of auricular 
contraction, then a decrease of auricular volume due to ventricular traction over 
the A-V septum, and later a collapse in early diastole. The causes of the three 
negative waves are analyzed. 

A tracing of the ascending aorta is possible in the left oblique position and 
occasionally, in the posteroanterior position. It is recorded in the latter position 
in older people because of atherosclerosis and dilatation of the aorta. 

The tracing of the aortic knob has all the characteristics of a “central” pulse; 
that of the pulmonary knob presents a smaller anacrotic depression and a higher 
dicrotic wave, often resembling the tracing of a peripheral pulse. 

The tracings of the hilar shadows and of the lung parenchyma are analyzed 
and discussed. They reveal a slowly moving arterial pulse in the pulmonary cir- 
culation. 

A good tracing of the superior vena cava is seldom recorded in normal sub- 
jects, either young or old. It is more commonly recorded if there is venous 
engorgement. On the other hand, the tracing of the inferior cava is obtained 
frequently. It shows a^positive wave in presystole, a deep systolic collapse, and 
a diastolic collapse. It resembles the liver tracing of a normal subject. 

A widely accepted interpretation of the phonocardiogram is confirmed by 
fluorocardiography. 
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Errata 

In the Januao', 1948, issue of the Journal, Fig. 1, p. 135, and Fig. 2, p. 137, were inserted 
upside down in the article entitled “Paroxysmal Auricular Tachycardia at a Rate of 86 Per 
Minute,” by Ralph Miller, David Biber, and Julius S. Perelman. 


In the article entitled “Reactions to Decholin as Used in Circulation Time Determination” 
by James J. Norman, which appeared in the November, 1947, issue of the Journal, the de- 
scribed reactions were incorrectly attributed to “Decholin.” Actually, the material used was 
Sodium Dehydrocholate Solution, manufactured by Lederle Laboratories, Inc., New York, N. Y., 
and not the product manufactured by the Ames Company of Elkhart, Ind., (which now owns the 
trademark “Decholin”) or Riedel-de Haen, Inc., New York, N. Y. 



American Heart Association, Inc. 

1790 Broadway, New York 19, N. Y. 

Telephone Circle 5-8000 


THE FEBRUARY ISSUE 

The Editorial Board and the C. V. Mosby Company are delighted to be able to devote 
this entire issue to the scientific papers presented at the last Annual Meeting. 

The preparation and publication of a large special issue is not yet a simple matter. In 
spite of the difficulties, all papers, except those which’ have been published already or are to be 
published elsewhere, are being included in the approximate order of their presentation. 

The special preparation which some of the papers have required prevents their presentation 
in this issue. These postponed papers, which will appear in subsequent issues, include The George 
Brown Memorial Lecture, given by Dr. Helen Taussig and Dr. Alfred Blalock, and the presenta- 
tions of Dr. Joseph T. Roberts, Dr. Myron Prinzmetal and associates. Dr. John Schweppe and 
associates, and Doctors Harold K. Moss and Louis G. Herrmann. 

The necessity of omitting the Discussions is regretted. 

MEETING OF THE INTER-AMERICAN SOCIETY OF CARDIOLOGY 

The Inter-American Society of Cardiology has authorized the meeting of the III Inter-Ameri- 
can Cardiological Congress, to be held in Chicago, 111., at the Michael Reese Hospital, from June 
13 to June 17, 1948. This meeting will take place immediately before the American Heart 
Association annual meeting, June 18 and 19, and the American Medical Association meeting, 
the week of June 20. Inquiries regarding the Congress may be addressed to the offices of the 
HI Inter-American Cardiological Congress, at the Michael Reese Hospital, Chicago, 111. 

ANNUAL -MEETING 

The Annual Meeting and Twenty-first Scientific Session of the American Heart Association 
will be held in Chicago, Illinois, on June 18 and 19, 1948. The Stevens Hotel will be the head- 
quarters for all meetings and for the Annual Dinner which will take place on Saturdaj^ evening, 
June 19. 
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ings indicated that ischemic nerves suffered changes in function and structure. 
After our work was well under way, several publications of importance in this 
field appeared in this country and abroad, stimulated possibly by the interest 
in injuries of peripheral nerves in war casualties. 

Aviation and submarine aeroembolism suggested certain techniques to me. 
My experiments have consisted of interference with the blood supply of -periph- 
eral nerves in various waj'^s under both acute and survival conditions. Clinical 
cases have been collected where the influence of ischemia on a peripheral nerve 
could be demonstrated by dissection and injection. 

EXPERIMENTAL STUDIES 

Acute Experiments . — Confirmation of previous reports concerning the anat- 
omy of the blood supply of normal peripheral nerves was obtained by injecting dye 
(either Chicago .blue, 2 per cent, or India ink diluted with equal parts of saline) 
into the aorta of normal dogs at pressures of 100 to 120 mm. Hg before sacrificing 
the animal. The nerves were then carefully removed and fixed in 10 per cent 
formalin. Also, nerves from the normal limbs of the dogs with experimental 
lesions were studied in the same Avay. It was found by clearing and dissection 
that there is a rich blood suppl}'^ to each nerve (Figs. 1 and 3, A). This blood 
supply consists of a finely meshed plexus of capillaries, precapillaries, arterioles, 
and venules distributed longitudinally in the perineurium AAuthin the central 
part of a nerve and between the axones. This intrinsic plexus arises from another 
coarser plexus in the epineurium or fibrous sheath that surrounds the nerve. 
This coarser plexus corresponds to the plexus in the pia mater of the spinal cord 
and brain. It consists of one or sometimes more coarse longitudinal vessels 
anastomosing with segmental nutrient arteries which come from blood vessels in 
the neighborhood. Thus, there is both a longitudinal and segmental arrange- 
ment of the blood vessels in the epineurium. The origin of the nutrient arteries 
from neighboring vessels is subject to variation in different cases. Veins accom- 
pany the arteries. The nutrient arteries and some of those Avithin the nerve have 
a AA'^ell-defined muscular media, suggesting that the Aoaa'^ of blood through the 
vasa nervorum is subject to vasomotor autonomic control. The distance betAA^een 
the nutrient arteries also varies, but is usually betAA^een one and three inches for 
the larger named nerves. With smaller nerves, the segmental vessels enter at 
shorter intervals. EA'^ery nerA^e is nourished by small A^essels. Even a single 
strand nerve in the skin is accompanied by a capillary network; this AA’^as seen 
in a transparent chamber grafted (for "\dsualization” of vessels and nerves) 
into a rat’s back by Dr. G. H. Algire, of the National Cancer Institute. , 

To occlude the blood supply of a peripheral nerve, several procedures AA'^hich 
Avould impair the blood supply in AA'^ays simulating clinical conditions AA'^ere ap- 
plied to the sciatic nerve of normal adult dogs (Fig. 2). Control e.xperiments 
consisted of exposing a sciatic nerve in exactly the same AA'^ay as in these pro- 
cedures but AAUth omission of the devascularizing procedure. In five such con- 
trol experiments no changes from normal AA'ere found on testing the function of 
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Fig. 1. — The larger vasa nervorum filled with graphite suspension which was injected into a seg- 
mental nutrient artery. Note the epineural plexus, longitudinal channels, and deeper, smaller anasto- 
mosing vessels. (Dog’s sciatic nerve, cleared.) 
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Fig. 2. — Diagrams of procedures for producing ischemia of nerves by obliterating the vasa nervorum. 
A, Ligation of a nutrient artery. B, Stripping the epineural plexus. C, Stretcliing a nerve. D, Tourni- 
quet. E, Compression by two ligatures or pincliing with hemostats. F, Embolism by injecting Lyco- 
podium spores, graphite, or air. 


the nerve, in the sections, or in the degree of injection by dye. The devascu- 
larizing experiments were as follows: 

(7) Ligation of a Segmental Nutrient Artery (Figs. 2, A and 3,B and C): As 
in all of the following experiments, the sciatic nerve was exposed bj'’ careful 
dissection during anesthesia with nembutal given intravenously. The field was 
kept moist with normal saline at 37° centigrade. A segmental nutrient artery 
was divided between ligatures without any trauma or handling of the nerve. 
Chicago blue dye was then injected into the aorta and the animal was sacrificed. 
Before injection of the dye, no change in the function of the nerve was demon- 
strated when the tendon reflexes and response to heat, pinching, or electrical 
stimulation of the nerve were tested. 

As shown diagramatically in Fig. 2, A and in the photographs in Fig. 3,B 
and C, the blue dye filled the vasa nervorum in this region with a patchy irregular 
distribution. In the region of the nerve supplied by the ligated segmental nu- 
trient artery, blood remained in a number of the vasa nervorum, giving an in- 
termingled red and blue coloration of the nerve. 

Histologic sections showed no constant abnormalities. 

(2) Stripping the Perineurinm (Figs. 2,B and 3,D and E): In other ani- 
mals, the left sciatic nerve was carefully exposed by the method previously de- 
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scribed and its perineurium stripped away very carefully with finely pointed for- 
ceps. Pinching or stretching the nerve fibers inside the epineurium was avoided. 
The blood vessels in the epineurium were pinched away in such a way as to cause 
no visible hemorrhage in the nerve. In these twelve animals where the epineu- 
rium was stripped away over a distance varying from 1.0 to 3.0 cm., no change 
was noted on testing tendon reflexes, sensibility to heat, pinching, or electrical 
stimulation. 

\^Tien dye was injected into the aorta, the nerve was quite ischemic on its 
surface in the region from which the epineurium had been removed. Because 
of the presence of blood supply in the central part of the nerve, as a result of the 
longitudinal anastomoses above and below, there Avas a patchy and variable 
amount of dye in the stripped segment. 

This experiment indicated that the plexus of vessels in tlie epineuiium is 
important for maintaining an intact blood supply in a nerve, but that partial 
vascularity may be retained despite its absence over a short segment. 

(5) Stretching the Nerve: In six dogs the left sciatic nerve was stretched in 
its longitudinal axis bj'- traction upon the lower limb after all structures at the 
■knee joint had been severed with the exception of the nerve, the popliteal artery, 
and its accompanying vein. Spreaders were placed between the femoral condyles 
and the tibial head so that these two structures were separated by a distance 
of one to tAvo centimeters. Dye Avas then injected into the aorta and the animal 
sacrificed. 

The vasa nervorum of the left sciatic nerA'e AA^ere obliterated by the stretch- 
ing so that no dye entered the stretched segment (Figs. 2,C and Z,F and G). 
This ischemic or uninjected stretched nerve, AA'-hen compared AAnth the normally 
injected nerve of the opposite limb, as AA'^as done in the other experiments, shoAA^ed 
a very striking difference in color. The stretched nerve AA'as AA^hite, the normal 
one blue. Some of the small side branches of the sciatic nerve AA^ere not stretched 
by .the procedure, because of the angle of their branching, and they AA^ere AA'ell 
injected. After the stretching AA>^as released during remoA^al of the nerve for 
clearing, some dye floAA^ed into the previously stretched vasa nerA^orum, ap- 
parently due to the effects of capillary pressure in these small vessels. 

This experiment shoAved that the vasa nervorum may be obliterated by 
stretching, just as the lumen of a rubber tube may be occluded by stretching 
the tube. 

(4) Constriction by a Tonrniqiiet: In six animals a tourniquet of rope 
one-fourth inch in diameter AAms placed around the middle of the right thigh in 
such a Avay as to compress all structures at that level except the femoral artery 
and A^ein, AA'hich AA'ere outside of the tourniquet. The tourniquet AA'^as then tight- 
ened and dye AA'^as injected into the aorta before the animal AA’'as sacrificed. 

The cleared nerA'^e from this extremity AA’^as uninjected or ischemic at the 
leA^el inside the tourniquet and poorly injected or partly ischemic for several 
centimeters above and beloAv the constriction (Figs. 2,D and 3,7/ and J). 
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These experiments showed plainly that the blood supply of the nerve can 
be obliterated effectively by compression of the limb with indirect pressure upon 
the nerve itself. Such pressure resembles that on a nerve in a patient who h a 
a tumor, adhesion, dislocation, arthritic spine, faulty posture, or other condition 
where pressure on a nerve obliterates its blood supply. 

(5) Constriction of the Nerve: Two ligatures were tied around the left sciatic 
nerve at intervals varjdng from 10 to 30 mm. in seven dogs. In some cases, a 
split rubber tube was placed around the nerve under the ligatures to prevent 
cutting of the nerve. Various degrees of constriction of the nerve were used. 

Dye injected into the aorta filled the vasa nervorum of the nerve above 
and below the segment between the ligatures (Figs. 2,E and di,K and L) as well 
as in the normal nerve of the opposite limb. No dye entered the vasa nervorum 
betAveen the ligatures even in the specimens where the constriction with the 
ligature was slight.' Between the ligatures, red blood was trapped, causing the 
opacity between the two ligatures seen in the photographs. 

In three other animals the left sciatic nerve was clutched between the 
jaws of a hemostat at two points preceding the injection of dye into the aorta. 
Although the hemostats had been removed before the injection, no dye entered 
the vessels of the neive between the two points clutched with the hemostat 
(Figs. 2,E and 3,ilf). 

These two types of e.xperiments indicated that the blood supply of a nerve 
can be destroyed by interference with the longitudinal anastomoses in the nerve, 
and that constriction of a nerve can obliterate its blood supply. 

(6) Embolism of the Vasa Nervorum: The vasa nervorum were occluded by 
injecting a nutrient artery of the left sciatic nerve with emboli of particulate 
material. This consisted of Lycopodium spores,* powdered graphite, or air. 
In each case the emboli filled the small blood vessels within the central part of 
the nerve as well as in the epineural vessels and the nutrient arteries. When dye 
was injected into the aorta, none of it reached the portion of the nerve supplied 
by the obliterated vasa nervorum. 

In seven dogs, when the suspension of Lycopodium spores was injected into 
the left inferior gluteal artery (ligated above and below the origin of its nutrient 
artery to the nerve to prevent embolization of collateral vessels), the nearby 
portion of the left sciatic nerve became devoid of blood, became white, and 
remained so even after injection of the blue dye into the aorta (Figs. 2,F and 3,P). 

When air was injected into the nutrient blood vessels of a sciatic nerve in 
five dogs, the discoloration after the aortic injection of dye was very patchy and 
irregular (Figs. 2, F and 3,(2 and K), as contrasted with a homogeneous dis- 
coloration of a normal nerve and the complete absence of dye in the nerve after 
devascularization by Lycopodium spores or other emboli. Five large white rats 
were placed in a chamber with pressure simulating an altitude of 12,000 feet. 

*A freely flowing suspension of Lycopodium spores was prepared by shaking the spores in ether 
for a few minutes, Altering, and then suspending the spores in five to ten parts of normal saline. This 
prevented the adheranefe of the spores and blocking of the syringe as encountered otherwise. 
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When they were removed and the sciatic nerves rapidly exposed, the vasa ner- 
vorum were filled with small bubbles of gas. 

These two e.xperiments showed that aeroembolism can obstruct the vasa 
nervorum. 

In another dog (Fig. 3,5, T, U,V, and W), Lycopodium spores were injected 
into the left external iliac artery. As a result, there was obliteration of the vasa 
nervorum of the left femoral nerve and of the left peroneal and other nerves 
below the knee which derived their blood supply from the popliteal and other 
branches of the femoral artery. However, the left sciatic nerve was as well in- 
jected with dye as were the right sciatic, the right femoral, and other nerves of 
the normal opposite limb. 

This result was of value in showing that the longitudinal anastomosis within 
the sciatic nerve was inadequate for maintaining nourishment to the nerves 
below the knee, although apparently adequate for nourishing the nerve between 
the knee and hip joint under these circumstances. 

Survival Experiments. — In twenty-three dogs the left sciatic nerve was ex- 
posed during anesthesia with nembutal, and procedures of the types which have 
been described were carried out aseptically; every effort was made to avoid 
injury to the nerves or surrounding structures. After replacing the muscle and 
closing the skin, the animal was allowed to recover consciousness and survive 
for one to seven weeks before dye was injected into the aorta and the animal 
sacrificed. During the survival period the functions of the nerve were frequently 
tested. 

Results with several methods of attempting chronic devascularization of 
nerves Avere as follows ; 

(i) Ligation of Nutrient Arteries: In five dogs, Avhen only a single nutrient 
artery or part of the nutrient arteries betAveen the hip and knee joints had been 
ligated, no clinically discernable evidence of dysfunction of the sciatic nerve Avas 
found. In three dogs, AA'hen all nutrient arteries coming to the sciatic nerA'^e 
betAA^een the hip and knee joints AA'^ere destroyed, AA^eakness of the extensor mus- 
cles of the foot and hamstring muscles Avas noted. Changes AA’^ere not as marked, 
hoAA’^ever, as in the studies Avhich AAdll be described. Histologic study revealed 
only occasional degenerated axones, especially near the periphery of the nerA^es. 

{2) Stripping of the P erineurium: When the epineurium had been carefully 
stripped aAA’^ay for only 1.0 to 3.0 cm. in five dogs, no changes in function of the 
nerve AA’ere noted. When the epineurium AA-^as stripped aAA^ay from all or most 
of the segment of nerve betAA^een the hip and knee joints in four dogs, impaired 
function of the nerve AA^as shoAAm by AA'eakness of the extensor muscles of the 
foot and in the hamstring group of muscles, by footdrop AA'ith trophic ulcers 
on the dorsal surface of the foot, and by partial or complete loss of sensibility 
to pinpricks, pinching, or heat. Histologic study revealed degeneration of many 
axones, especially those AAuth large myelinated sheaths; a.xones near the periphery 
of nerve bundles AV’ere affected more than those in the central part of the nerve. 
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(3) Stretching of the Nerve: No survival experiments of this type were com- 
pleted. Because it was not possible to obtain longitudinal stretching of the nerve 
without severing the knee joint, studies during survival would have been diffi- 
cult to evaluate. Stretching of the nerve by lateral displacement was performed 
but the results were equivocable because injury might have been done to the 
axones of the nerve and also because the blood supply returned to the nerve 
after stretching was released and the nerve allowed to shorten to its original 
length. 

(4) Compression of the Nerve: For the reasons just stated, studies were not 
made during survival after clamping the nerve with hemostats or compressing 
it by ligature or tourniquet. In such experiments, we could not distinguish be- 
tween the effects of injury to the axones and injury from anoxemia of ischemia. 

(5) Embolism of the Vasa Nervorum: In seven dogs in which obliteration of 
the vasa nervorum was obtained by injection of sterile graphite or Lycopodium 
spores into the nutrient artery of the left sciatic nerve, evidence of impaired 
function of the nerve was found as soon as the animal recovered from the anes- 
thesia. In these animals, loss of strength of the hamstring muscles of the thigh, 
the leg muscles, and those of the foot was so great that the animal (Fig. 4) seldom 
tried to use the affected limb for running except when fatigue made it necessary. 
Likewise, sensibility to painful pricking, pinching, or heat was lost over the area 
supplied by the branches of the devascularized sciatic nerve. Patellar reflexes 
were hyperactive and ankle jerk reflexes were absent. After intervals of a few 
days to two weeks, loss of tone and severe wasting of the muscles supplied by 
the devascularized sciatic nerve became evident, as did the appearance of trophic 
ulcers on the dorsum of the left hind foot due to pressure from running or stand- 
ing on the left extremity after the development of the toe drop (Fig. 4,B). Vesi- 
cles and spots of dry gangrene developed in the skin of the dorsolateral aspect 
of the thigh adjacent to and below the incision and also of the leg. These changes 
were thought to be due to loss of innervation of the skin from branches of the 
sciatic nerve. Another less likely possibility is that the emboli passed into the 
small blood vessels of the skin through anastomoses with the other nutrient 
arteries. 

When these animals were sacrificed during injection of blue dye into the 
aorta, nerves were uninjected in the region below the earlier devascularization 
by embolic material. Histologic examination revealed degeneration of the nerve 
below this site just as though the nerve had been cut. 

CLINICAL OBSERVATIONS 

Evidence of obstruction of the vasa nervorum was found in patients suffer- 
ing from a wide variety of conditions, either by inspection of the dissected nerves 
or after injection of dye into the popliteal artery of limbs amputated from neces- 
sity. Examples of such cases follow: 

(1) A patient with subacute bacterial endocarditis showed numerous embolic phenomena 
affecting the brain, lungs, kidney, spleen, ej'c, and skin, and developed foot drop with evidence 
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of paralysis of the left peroneal ner\’^e. There was also impaired sensation to touch, pain, tem- 
perature, and vibration on the lateral aspect of the left foot and toes. Autopsy revealed large 
friable vegetations on the mitral valve with infarctions in the organs named. Careful inspection 
of the left peroneal nerv’^e revealed petechiae and thrombosis of the vasa nervorum in the middle 
of the nerve, due to obstruction of the nutrient arteries of the ncJrve by a small embolus. 

(2) A woman with a one-year illness of unknown cause had had septic fever, severe anemia, 
weakness, and cache.xia for several months. Several days before death, she suddenly developed 
an inability to flex the left hip joint and extend the left knee. At autopsy the only abnormalities 
found were a small denuded roughened area of the mitral valve which resembled the base from 
which a vegetation had been separated recently and a hemorrhagic area 2.0 cm. long in the left 
femoral nerve. The nutrient artery supplying this section of the nerv^e was occluded by a small 
embolus. This embolus was part of the vegetation which had broken away from the mitral cusp. 

(3) During repair of a man’s right femoral hernia, injury to a nearby nutrient arterx* of the 
femoral neix^e occurred. This nutrient artery was divided between ligatures. After recovery 
from anesthesia, the man was unable to e.xtend his right knee and had no sensation for touch on 
the anterior right thigh for five weeks, after which time these functions gradually returned. The 
injury to the blood supply of the right femoral nerv'e accounted for these defects. 



Fig. 5. Thrombosed vasa nervorum of left plantar nerve, with degeneration of nerve fibers. Case 4. 


(4) A man with myocardial infarction suddenly developed pain in the large toe and medial 
portion of the foot. These paits became pale followed by reddish purple discoloration. Pain as 
well as the power of sensation disappeared two days later. Despite paravertebral lumbar sympa- 
thetic block with novocaine and refrigeration therapy, gangrene of the toe and foot developed 
which required mid-thigh amputation. Careful dissection of the vessels and nerves revealed 
embolism and thrombosis of the dorsalis pedis and medial plantar arteries, with thrombosis of the 
anterior tibial artery and the accompanying veins. Thrombosis of the vasa nervorum of the 
medial plantar nerve was also found (Fig. 5). These findings indicated that the initial pain lyas 
due to partial or early ischemia of the involved nerves, with disappearance of pain and sensation 
after the thrombosis of the vasa nervorum had become complete or had endured long enough for 
degeneration of the axones to occur. 






I'lg. C. Case 5. (^) Ischemia of left tibial nerve (pale lower part) with good injection with 

dye (dark upper part) in vasa nervorum above level of thrombosis in posterior tibial artery and its 
neural branches. 

(B through F) Sections of ischemic portions of this nerve. Note; absence of dye, thickened walls 
o arter oles and capillaries, fibrosis, and patchy degeneration of nerve fibers. Hemato-xylin — oosin. 
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(5) A middle-aged man with diabetes developed gangrene of the left first and second toes. 

He had anesthesia of the plantar surface of the foot and could not flex the toes. Mid-thigh ampu- 
tation was required. The popliteal artery was injected with Chicago blue dye; dissection of the 
vessels and nerves was then carried out. A thrombus occluded the mid-portion of the 'sclerotic 
posterior tibial artery. The accompanying tibial nerve was well injected with dye above the 
level where the artery was occluded by the thrombus. Below this level the nerve (Fig. 6) was 
white and free of dye except for a small portion about 1.0 cm. in length supplied by a patent 
nutrient artery that apparently received its blood through collateral anastomoses from the lower 
middle part of the less severely sclerotic peroneal artery. The lower part of the anterior tibial 
artery was sclerotic but not occluded, and the peroneal nerv'es were quite well injected. The 
changes in function were due to ischemia of the lower tibial nerve. The small vessels were 
nearly or entirely occluded by proliferation or thrombosis, with loss of many axones and myelin 
sheaths (Fig. 6, B through F), '' 

(6) An elderly woman with chronic rheumatic heart disease, atrial fibrillation, myocardial 
infarction, and thrombi in the left atrium and ventricle suddenly developed severe pain and 
pallor in the right foot and toes, followed by loss of pain and sensation over these areas. Gangrene 
of the dry type required supracond 3 dar amputation. Several weeks later similar events affected 
the left foot, toes, and lower leg, with, in addition, loss of sensation of the lower leg and inability 
to flex or extend the left toes and ankle. When these two limbs were dissected after injection 
of the popliteal arteries, embolic and thrombotic occlusions of the sclerotic arteries were found 
at the level of the ankle in the right limb and about two inches below the knee in the left ex- 
tremity. On the right side, the blood vessels of the nerves were well injected above the ankle 
but uninjected below that. On the left, the nerves were ischemic, as shown by injection, below 
the point of arterial occlusion in the upper third of the leg. The branches of the nerves going 
to the skin and muscles in the right leg arose above the thrombosis, while in the left leg the nerves 
to these structures came from below the level where the two branches of the sciatic ners'e were 
devascularized by the thrombi. These findings explain the difference in neurological abnor- 
malities of the two limbs; the ischemia of the nerves developed at different levels. Since the 
innervation of the flexors and extensprs of the left toes and ankle was from devascularized nerv'es, 
power of movement of these parts was lost on the left but retained on the right side where the 
nerves were ischemic only below the origin of branches to the muscles moving the toes and foot. 

(7) In other similar cases, injection of dj'e into the popliteal arterj' of amputated legs re- 
vealed poor injection of the blood supply of the ner\'es in portions supplied by thrombosed ar- 
teries or vessels obliterated by proliferative lesions. In two patients with extensive phlebothrom- 
bosis of the foot and leg, retrograde propagation of the thrombus had obliterated the blood supply 
of the peroneal and tibial nerves. These patients had shown loss of sensation over the foot and 
toes, with loss of ability to move the toes after an initial period of severe pain of the foot and calf. 

(8) A jmung man with chronic thrombosis of the inferior vena cava developed extensive 
dilatation of collateral anastomoses for the return of blood to the heart. On post-mortem ex- 
amination, the venous vasa nervorum of both sciatic arteries were found to be enormouslj' dilated. 
Some of these vessels in the sciatic nerves had lumina 2.0 mm. in diameter. This finding shows 
that another role of the vasa nervorum can be to serv^e as potential collateral circulation for the 
relief of obstruction in other vessels. I have not yet found any cases where the arterial vasa ner- 
vorum adequately served this function as the venous blood vessels of the nerves did in this case. 
However, such an occurrence might be expected to happen occasionally, especially during em- 
brj'onic or even earlj' postnatal life. At these stages the arteria comitans nervi ischiadici ap- 
proaches the’ obturator and femoral arteries in size, only to become insignificant in size with 
later growth. 

(9) During a recent supracondylar amputation, it was noted that the femoropopliteal arterj' 
was closed bj' sclerosis and thrombosis so that it did not bleed when cut and that rather trouble- 
some bleeding from the cut sciatic nerve occurred. In this instance the sciatic vasa ner^mrum 
were serving as partial, though insufficient, collaterals for the obstructed major artery. This 
48-year-old woman, without diabetes, suddenly developed pain in the foot, but after two days 
had no pain, sensation, or power of motion in the foot, toes, and lower leg. The foot and toes 
became cold, black, and shrivelled, and the skin of the front and back of the leg developed large 



383 


ROBERTS : EFFECT OF OCCLUSIVE DISEASES ON BLOOD SUPPLY OF NERVES 

' ^ t 

vesicles. Dye injected into the amputated popliteal arterj^ below its occlusion filled the vasa 
nen-orum of the sciatic nen^e and upper parts of. its branches very well. At about the middle 
of the posterior tibial artery there was a firm, attached thrombus. The tibial nerve at this level 
appeared hemorrhagic, but below this level, was white and free of any dye. Other arteries and 
veins had partially occluding thrombi, and the other nerv’^es were injected with dye only in ir- 
regular patchy areas. In some places, the thrombi in the vasa ner\’-orura were plainly visible 
(Fig. 7). Many sections from this limb, as in the others alreadj'^ described, were stained with 
several methods (for example, Masson, Weil myelin, Bodian-silver impregnation, hematoxylin- 
eosin, Mahon myelin). Severe intimal proliferation, elastic fragmentation, eccentric atheromata, 
luminal .reduction, thrombosis, extravasation of blood, moderate to marked demj'elinization, 
and necrosis of nerve fibers were seen in many sections at levels where dj^e was absent. In levels 
where the dye was well injected, these changes were missing or strikingly less. The arteriolar 
and capillary changes were seen in epineural, perineural, intrafascicular, and interfibrillar vessels. 
Perifascicular or perineural tissue was excessive in the ischemic areas. Even the vasa nervorum 
of the nerves in the walls of the thrombosed posterior tibial artery were thrombosed. 

(10) Segmental ischemia of a sciatic nerve was seen during an exploratory operation for re- 
lief of extreme pain with paralysis of several months’ duration in a young man with syphilis. 
This began a few minutes after a bismuth preparation was injected into or near the sciatic ner\-e 
instead of intramuscularly. During operation, dense fibrous adhesions constricted the nerv^e 
and obliterated its vasa nervorum. These adhesions were removed as carefullj' as possible. 
Pain was relieved and in time the paralysis improved partially. Syphilis probably played no role 
in this vasoneuropathy. Distinction between effects of ischemia and constriction of axones bj’ 
the adhesions is difficult. 

(11) Observations on myself consisted of noting the effects of compressing the radial, sciatic, 
sural, common peroneal, or plantar nerve against a firm surface, or by hyperabducting the arm, 
until the onset of tingling, numbness, pain, or weakness of muscles. When the compression was 
removed, normal sensation returned progressively over a period of one to three minutes in a 
steplike manner. With each pulse beat, the symptoms improved a little more until normal sen- 
sation and motion were possible. This suggests that the symptoms were due to ischemia from 
obliterating the vasa nervorum. If the axones had been injured, the restoration to normal would 
be expected to take a much longer time and not to have the phasic improvement related to each 
pulse. 


LITERATURE 

The literature on the blood supply of the nerves has been thorough^’ re- 
viewed in recent years by Adams,® Sunderland,®'® and Fetterman, Spitler, and 
Roberts^; therefore repetition of this is not necessary. Isenflamm and Doerfher® 
in 1768 seem to have been the first to ascribe importance to the vasa nervorum 
in the causation of various peripheral nervous disorders. Most of the reports 
have dealt with the anatomic distribution of blood vessels in various specific 
nerves or with hypothetical discussions of the possible role of the blood supply 
of the nerve in accounting for the symptoms in patients v/ith vascular diseases. 
Relatively little actual experimental work on the subject has been found reported 
in the literature. In 1905 Okada^® described degeneration of the sciatic nerve 
in rabbits after ligating the inferior gluteal artery. Koch,^^ also working with 
rabbits, observed that a blood supply is necessar>^ for a normal current of injury 
in the nerve. Adams® in 1943 repeated the experiments of Okada but found that 
ligation of the inferior gluteal arterj’^ did not result constantly in degeneration 
of the sciatic nerve unless manipulation with possible injury of the nerve also 
occurred. Bentley and Schlapp^* obliterated the blood supply of nerves by 
pressure with mercury-filled bags and found that the ability of the nen^e to con- 
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l^lg. 7. — Case 9. (^1) Dissection of nerves and vessels of left leg, after injection of dye in popliteal 

artery. Contrast well-injectod sciatic and upper tibial nerve with Ischemia of lower tibial nerve below 
thrombosis of posterior tibial arteries and its neural branches. Ischemia of superficial peroneal nerve 
also, below tlirombosis of dorsalis pedis artery. 

(B) Section of Ischemic portions of tibial nerve. Myelin and Jlasson stain. 

(O Section of ischemic portion of tibial nerve, with e.'ctravasation of blood from occluded vasa 
nervorum, and surrounding this, areas of degenerating axone cylinder and myelin sheatlLS. IVeil myelin 
stain. 

(D) Dilated vasa nervorum in .sciatic nerve at level of amputation, above injection. 
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duct impulses was impaired by a pressure which was thought to be adequate for 
occluding the vasa nervorum without injury^ to the nerve itself. Denny-Brown 
and Brenner^® believed that the lateral peroneal nerve was more susceptible to 
injury by being pressed against the fibula, because this nerve suffered more 
from ischemia produced by a tourniquet than did the medial peroneal nerve. 

The effect of local ischemia upon human nerve fibers in vivo has been studied 
by Thompson and Kimbalb^ and very recently (since my work was done) by 
Kugelberg.i® In both studies ischemia was produced by a compressing sphygmo- 
manometer arm band. Thompson and Kimball reported that the threshold for 
sensation to electrical stimulation fell rapidly and progressively for the first 
twelve minutes of ischemia and then sharply rose. This indicates that ischemia 
of a nerve first increases and later diminishes the irritability of the nerve. Kugel- 
berg, with the aid of electromyography, found that a local area of ischemia pro- 
duced two forms of spontaneous activity: (1) that occurring during ischemia 
and consisting of isolated action potentials of irregular frequency; and (2) that 
seen after ischemia and consisting of repetitive discharges which occurred in 
bursts, \i\ffien the nerve fiber ceased discharging, though the excitability was 
still high, a passing action potential discharged a burst of spikes and acted as a 
“trigger” of a trigger zone. This mechanism was easily fatigued. Both studies 
seemed to confirm the opinion of Lewis and associates^® that such ischemia 
affects the nerve endings. These papers review the difficulties in distinguishing 
between the effects of compression and anoxemia of nerve fibers and especially 
cite the work of Bishop and associates'^ and of Gasser.^® Wright^® and De 
Takats^® have recently renewed the interest in ischemic peripheral neuropathy. 

I have found no reports of experimental interference with the blood supply 
of nerves in which injury to the nerve itself or to other tissues was as carefully 
excluded as in the acute and chronic experiments which have been described. 
Likewise, in previous studies there has not been as careful integration of clinical 
observations and anatomic findings in human nerves as has been carried out 
in these studies. 

Ischemic lesions of nerves, resembling those found in the cases of this study, 
have been described by Woltman and Wilder, Barker,^^ and by Priestly^^ in 
studies on patients with diabetes mellitus, thromboangiitis obliterans, and 
arteriosclerosis. These authors noted proliferative lesions in the vasa nervorum, 
especially those in the thickened perifascicular fibrous tissue, patchy necrosis 
of nerve fiber bundles, and various combinations of wallerian degeneration, 
fibrosis, edema, atrophy, lymphocytic infiltration, inflammation, and thrombosis 
of the vasa nervorum. The use of injection methods in their studies would have 
been of great value. Karnosh^^ has attributed sciatic causalgia to ischemia of 
the sciatic nerve. Fetterman and SpitleP discussed cases of trauma, embolism, 
arteriosclerosis, diabetes mellitus, Buerger’s disease, periarteritis nodosa, syphilis, 
and polycythemia vera as examples of peripheral neuropathy attributable to 
ischemic vascular disease of nerves. Many other writers have mentioned in 
varying detail the concept of neuropathy due to a defective blood supply in 
various regions of the body, including the ear, eye, trigeminal ganglion, and 
extremities. 



387 


ROBERTS ; EFFECT OF OCCLUSIVE DISEASES ON BLOOD SUPPLY OF NERVES 

Vasoneuropathy is caused by frostbite, immersion, and trench foot, and 
possibly by burns. Thrombosed vasa nervorum are present in such states and 
may contribute to the clinical findings. There is lack of agreement on whether 
neural ischemia is cause or effect of other pathologic changes in frostbite and im- 
mersion foot, according to Friedman, Denny-Brown and associates,’^ and Ungley 
and Blackwood. 

These papers are of great value, when considered in the light of the work 
reported here, in clarifying the mechanism of the findings and complaints in cases 
of causalgia, phantom limb, and thermal changes on the basis of occlusive or 
vasospastic neuropathy. 

DISCUSSION 

In the acute experiments described in this paper, it was shown that the 
blood supply of a nerve is ver\^ abundant and that this blood supply may be 
obliterated in a variety of ways which are analogous to the effects produced 
clinically by injury or disease in human beings. When the blood supply of a 
nerve was obliterated by ligating a single nutrient artery or the nutrient arteries 
of a small segment, only a partial or patchy ischemia usually occurred because 
collateral anastomoses through the longitudinal vessels in the nerve could main- 
tain adequate nutrition. This belief that the longitudinal vessels have consider- 
able importance in maintaining the function and structure of the nerve was 
corroborated by the survival experiments where ligation of segmental nutrient 
arteries only was carried out. This was in keeping with the clinical observation 
that single or several nutrient arteries may be ligated or obliterated without con- 
stant permanent injury to the function of a nerve during surgical procedures 
where a nerve is exposed, repaired, or transplanted. If the epineurium was 
stripped, with removal of the important longitudinal epineural plexus, the nerve 
was more ischemic in the stripped segment than in the normal nerve. In both 
the acute experiments and in the survival experiments of this type, there was 
more commonly evidence of disturbed function than in the group with ligation 
of single nutrient arteries. In such cases, nourishment of the nerve could occur 
only through the small vessels within the central part of the nerve and this 
relatively poor blood supply could make the nerve more susceptible to ischemia 
or injury from any other cause. 

That stretching of a nerve could produce obliteration of the blood vessels 
in the nerve was clearly shown in the acute experiments performed in this study. 
Moreover, these results are of value in explaining the frequency with which 
nerve function is lost when nerves are stretched excessively during surgical pro- 
cedures, by dislocations and faulty position, or by expanding tumors. This study 
shows that obliteration of the vasa nervorum by stretching of a nerve frequently 
occurs in man and is responsible for such clinical symptoms and findings as pain, 
numbness, tingling, paresthesia, weakness, paralysis, atrophy, hyper-reflexia, 
and other disturbance in the extremities. Such stretching can occur during pro- 
longed unusual positions such as sitting with the legs crossed, keeping the arms 
elevated above the head or sleeping in an unusual position. 
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Closel}^ related to this mechanism is closure of the vasa nervorum by com- 
pression of the nerve which may result from similar instances of unusual posture, 
(for example, pressure on the sciatic nerve by sitting on the edge of a chair, pres- 
sure upon a nerve during examination, sleep, or operation, and pressure by band- 
ages, tourniquets, casts, or constricting types of clothing). The neurovascular 
syndrome, recently reviewed by Wright, is probably due to ischemia of nerves 
caused by pressure on or stretching of the vasa nervorum. We have seen recently 
three patients with chronic tingling or pain in the hands and arms, especially 
along the ulnar side, after first awakening. In each case the radial pulse became 
obliterated at some point of extending, rotating, and abducting the shoulder. 
The symptoms were relieved by changing the customary habits of sleeping on the 
arm. As in Wright’s cases, this favors the neurovascular explanation of the 
complaints. 

The acute and survival experiments with injection of embolic material into 
the nutrient arteries establish the fact that removal of blood supply to a segment 
of a nerve without injury to the nerve itself may result in impaired function and 
structure of the nerve. In these experiments the small blood vessels throughout 
the nerve were occluded without compressing or stretching the axones and with- 
out allowing the opportunity for nourishment to occur by way of collateral 
anastomoses with longitudinal vessels or other segmental arteries. Such ex- 
periments have their homologue in human cases where embolism, thrombosis, or 
proliferative lesions in the vasa nervorum or in their source of blood supply result 
in ischemia of a peripheral nerve. On the basis of the acute e.xperiments showing 
that air injected into nutrient arteries caused a patchy type of injection with 
dye, it is believed that aeroembolism can cause dysfunction of the peripheral 
nerves by partial obliteration of their vasa nervorum. In patients suffering 
from high altitude or decompression sickness, symptoms and signs indicate early 
involvement of peripheral nerves in many parts of the body (for example, nerves 
of the ears, eyes, muscles, and about the joints) which may be explained best 
as being due to partial ischemia of these nerves by aeroembolism. 

Although the experiments and clinical investigations described in this pres- 
entation involved only the larger nerves of the extremities, I believe that the role 
of the blood vessels in every nerve of the body may be equally as important. 
On the basis of this reasoning, it is possible to explain many common or bizarre 
symptoms affecting localized areas, such as the ear or eye, or widely scattered 
areas throughout the body, as in a condition where ischemia of many widely 
scattered nerves could exist. Embolism from vegetations, mural thrombi or 
plaques in the aorta, gas bubbles, bacterial clumps, tumor cells, or fat particles 
may be distributed by the blood stream to the vasa nervorum in any organ or 
part of the body and so affect the nerve supply in that organ. Increased vis- 
cosity of the blood, resulting from dehydration, polycythemia, hyperglycemia, 
or ot er causes, and slowing of blood flow predisposes to thrombosis, and this 
can occur in the small blood vessels of nerves as well as in large vessels. Small 
in individual blood supply as well as large nerves, as can be seen 

I hn r material or by using a transparent chamber grafted into 

ilie skin of the rat’s back. 
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There is little available knowledge regarding the role of the blood vessels 
in nerves of the sympathetic system. An analogy with the experiments (described 
here) on the somatic peripheral nerves suggests the belief that some dysfunctions 
of the viscera may be due, at least in part, to similar lesions affecting the vasa 
nervorum of the sympathetic nerves. Recently De Takats-” has discussed this 
problem briefly in a report on proliferative arteriolar changes in the dorsal root 
ganglions of diabetic patients. The lymphatic vessels of nerves may also have 
an important role, but no studies of this are known. 

On the basis of these experiments and observations on patients, it seems 
likely that acute occlusion of vasa nervorum may be accompanied at first by 
severe pain, paresthesia, or hypersensitivity, and may be followed later by dis- 
appearance of these abnormalities with possible anesthesia or paralysis. This 
may be due to hyperconductility of the axones during the early or incomplete 
stage of ischemia, with loss of pain and sensation resulting later when the nerve 
has lost its ability' to conduct any impulse as a result of complete or protracted 
ischemia. Thus, the pain of intestinal cramps may be due to ischemia of the 
nerves in the intestinal wall caused by spasm or distention. If distention or 
spasm is prolonged, pain is apt to disappear because the ischemic nerve has lost 
its conductivity. Or, the pain of angina pectoris may be great during the earlier 
stages when ischemia of cardiac nerves is only partial, but often disappears 
after myocardial infarction occurs and occlusion of a coronary artery removes 
ail blood supply to these nerves. My hypothesis for explaining the infrequency 
of typical cardiac pain, in patients with hypertrophied hearts has been presented 
previously.^ According to that study, the m 5 ’’ocardial nerve fibers remain close 
to their capillary blood supply and so do not suffer ischemia proportional to that 
of the muscle fibers in cardiac h 5 'pertrophy. The muscle fibers enlarge with 
hypertrophy and push the capillaries, which do not multiply, farther apart than 
in the normal sized heart. Therefore, the muscle fibers are poorly nourished and 
function poorl}', but the nerve fibers remained well supplied with blood and do 
not give rise to the painful sensations arising from ischemic nerves. 

'■Referred pain” is still poorly understood. Using the findings of this study, 
a reasonable hypothesis may be constructed to e.xplain referred pain on the 
basis of ischemia of a peripheral nerve to skin or muscle. Such a nerve may be- 
come ischemic as a result of spasm of its vasa nervorum and cause painful sen- 
sations in its area of distribution. Such spasm may be induced by stimuli com- 
ing from the autonomic cell body' groups in the central nervous system segment 
where the afferent nerve fibers from the injured visceral organ terminate. For 
example, ‘'cardiac pain” in angina pectoris or myocardial infarction may be 
referred to the skin and muscle of the sternal, pectoral, or left arm regions, be- 
cause the nerves to those areas become ischemic due to a reflex arc compo.sed of 
the follow’ing components: (1) ano.xia of a myocardial nerve stimulates (2) im- 
pulses along afferent cardiac nerves to (3) dorsal root ganglion cell bodies in the 
cervical segments and their central axones, terminating on (4) cell bodies in the 
dorsal part of the lateral horn of gray substance (the dorsolateral or intermcdio- 
latcral groups of celbs), which in lurn. .send (5) efferent sympathetic effector 
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axones via the white rami comrhunicantes to the smooth muscle in the vasa 
nervorum of peripheral nerves distributed to the areas of “cardiac pain”; (6) 
spasm of these vasa nervorum produces ischemia of the nerve which causes im- 
pulses to go over the spinothalamic tracts from these peripheral nerves and 
results in consciousness of pain in the area supplied by these ischemic nerves 
(Fig. 8). 


SCHEME SHOWING CIRCUIT FOR REFERRED CARDIAC PAIN ON BASIS OF 
SPASTIC VASO-NEUROPATHY 


9 LATERAL SPINOTHALMIC TRACT, TO THALAMUS AND CEREBRUM 



di ^ therapeutic value to be derived from these studies is in- 

emphatic support of the need for careful manipulation of nerves 
g surgery with every effort being made to avoid (1) obstructing the blood 
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supply to nerves, (2) stripping of the epineurium, and (3) stretching or com- 
pressing' nerves in any \va 5 ^. Inasmuch as ischemia of the nerve can result in its 
disintegration, efforts to prevent this may indicate at times the use of sympa- 
thetic nerve block and vasodilating or anticoagulant drugs. 

It is probable that ischemia can prevent or hinder the regeneration of a 
nerve following injury by trauma, infection, or other cause. Experiments have 
been started to evaluate the role of the vasa nervorum in the regeneration of 
severed nerves. Likewise, the value of vasodilating drugs, anticoagulants, nu- 
tritional threap}^, or sympathetic block needs to be evaluated as far as their effect 
upon the vasa nervorum is concerned. Initation of thrombotic, spastic, and pro- 
liferative vascular lesions can be tried by injecting ferric chloride, hyper-renin, 
or sodium morrhuate into the nutrient arteries of nerves. 

The role, if any, of the vasa nervorum in many other disorders should be 
investigated. These disorders include hypertension, cardiac arrhythmias, vari- 
cose veins, nutritional deficiencies, pernicious anemia, diabetes mellitus, and re- 
ferred pain. Patients with any of these conditions which decrease circulatory 
efficiency need to be cautioned against lowering the threshold for ischemia in 
any way. They must be taught to avoid crossing their legs, sitting improperly, 
sleeping on their arms or with the limbs compressed and angulated in any way, 
or wearing any constricting clothing or dressings. Tobacco should be avoided, 
especially by patients Avith neuropathy of any type, because the superimposed 
vasospasm may make the neural ischemia complete and irreversible. 

CONCLUSIONS 

1. The blood supply of nerves has been shown to be very abundant. The 
smallest nerve has an adequate blood supply. 

2. This blood supply was obliterated by ligating nutrient arteries of a nerve, 
by stripping off the epineurium, by compressing a nerve or stretching it, and by 
injecting ernbolic substances into a nutrient artery. Having produced ischemia 
of the nerve by these methods, it was studied by injecting dye through the aorta 
into the vasa nervorum, and was found to alter the function and structure of the 
nerve. 

3. Peripheral nerves of man may be made ischemic by similar processes and 
by proliferative, vasospastic, or thromboembolic vascular diseases affecting either 
arterial or venous blood supply of the nerves in a great variety of clinical con- 
ditions (for example, diabetes mellitus, thromboangiitis obliterans, arterio- 
sclerosis, arterial embolism and thrombosis, phlebothrombosis, stretching or com- 
pression of nerves, anemia, or hemoconcentration). Sensory and motor changes 
were closely correlated with ischemia of nerves in the cases studied by injecting 
dye or b}^ sections. 

4. Crossing the legs, sleeping or sitting in a position that causes compression 
or stretching of nerves, and the use of constricting clothing or vasospastic drugs 
like tobacco should be avoided by patients with ischemia of limbs. Tingling, 
numbness, and similar mild complaints may indicate early stages of ischemic 
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neuropatJiy and may, therefore, be signs of serious import. Benefit may follow- 
vasodilatation and correction of causal factors. 

5. A “refle.x arc” for explaining “referred pain” on the basis of neural is- 
chemia is proposed. 
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EXPERIENCE WITH THREE VASCULAR FRAGILITY 
' TESTS IN HYPERTENSION 

0 

John Schweppe, M.D., Howard A. Lindberg, M.D., and 
M. Herbert Barker, M.D.f 
Chicago, III. 

F or many years clinicians have noted hemorrhagic tendencies in a certain per- 
centage of their hypertensive patients. Although abnormal vascular fra- 
gility represents a clinical condition of obscure and multiple etiology, new interest 
has been aroused in the field by the introduction of new agents reported to have 
possible favorable effects in abnormal capillary fragility.^ Most investigators 
have used one of several different tests to determine abnormal fragility, all based 
on the number of hemorrhages counted in a specific area following the application 
of suction or a constricting band. 


METHODS 

A number 'of methods have been devised for measuring capillary fragility. 
These may rightly be divided under two major headings ; 

1. The negative pressure method, developed by Hecht,® da Silva-Mello,® 
Dalldorf,^ and others. 

2. The positive pressure method, based on the >vork of Leede,® Gothlin,® 
Beaser and associates,^® and others. 

The negative pressure method measures the frequency of capillary rupture 
or diathesis at graded levels of negative pressure over a selected time period. 
The end point or critical pressure varies according to the criteria selected. 

The positive pressure method consists of the application of a constricting 
band, such as a blood pressure cuff, at a definite pressure, and counting the 
number of petechiae occurring during a given time period. 

The results of one investigator are difficult to compare with those of another 
because of variations in criteria, technique, and interpretation of results. 

In this particular study, we have tried to compare three different methods 
which were used simultaneously: 

1. The Gothlin Test,® a positive pressure method in which a blood pressure 
cuff is inflated to 35 mm. Hg for fifteen minutes, and to 50 mm. Hg for 
fifteen additional minutes. The number of petechiae is counted in a 
6 mm. circle in the antecubital fossa. 

From tlio Hypertension Clinic and the Department of Experimental ^Medicine, North^-estern TJni- 
vorsity Medical School. Cliicago. 

Presented at the Twentieth Scientific ^Meeting of the American Heart Association, Atlantic City, 
N. J., June 6 and 7, 1947. 

tDeceased. 
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2. The negative pressure test, using an apparatus designed by Dr. Carl 
Johnson.^2 suction cup 1.0 cm. in diameter is placed on the ante- 
cubital fossa for thirty seconds, and moved to a contiguous area for each 
reading. The number of petechiae is counted at pressure levels ranging 
from 100 to 700 mm. Hg, rather than selecting the appearance of 1 to 3 

• petechiae as the end point (see Chart 1). 

3. A cuff trauma test of our own, in which a blood pressure cuff is inflated 
three successive times from 0 to 300 mm, Hg and allowed to return to 0 
slowly, as in taking a blood pressure. The area under the cuff and distal 
to the cuff is observed for petechiae and the frequenc^'^ graded 1 to 4. 
Grade 1 represents a few petechiae under the cuff; Grade 4 a mass of 
petechiae down the forearm and onto the dorsum of the hand. 

NEGATIVE PRESSURE CAPILLARY FRAGILITY TESTS 

<1 n 

Hypertcnsiva and Normal Control Patiants 
(shows sl-milarit^ in type of distribu-tiorL) 

* Each dot represents 1 patient 



44 h;ypcrtensiva patients 20 control patients 


Chart 1. 

We ha\'e classified the patient as having increased capillary fragility: 

1. If more than six petechiae are present after the first step of the Gothlin 
Test. 

2. If a total of thirty or more petechiae are present at successive 100 mm. 
readings between 100 and 500 mm. Hg of negative pressure. 

3. If a shower of petechiae are found under the cuff or distal to the cuff 
following inflation to 300 mm. Hg three successive times. 

Our interest in rupture of the vessels of the skin and subcutaneous tissues 
ales ack to die days when venesection was commonly employed in patients 
i lypertension who had suffered a cerebral vascular accident or left ventricular 
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heart failure. The occasional patient would show a shower of coalescing masses 
of petechiae in the extremity from which the blood was taken. A more pro- 
longed application of the constrictor during the procedure occasionally resulted 
in massive areas of petechiae, which instantly became ecchymotic and disfigured 
the arm for ten to twenty days. It was our impression at that time that the 
appearance of such degrees of petechiae meant severe vascular disease in these 
hypertensive patients. 

During the past twenty years of special interest in vascular disease, the 
periodic appearance of numerous hemorrhages under and below the blood pressure 
cuff of the hypertensive patient has been recorded. This phenomena of the 
rupture of the small vessels of the arm during the course of taking a blood pressure 
appeared often enough to cause us to standardize our technique, and for want 
of a better name, we have called it the “cuff test.” After taking the blood pres- 
sure in a routine manner three separate times in order to establish the patient’s 
basal level, we inflate the cuff until the column of mercury rises to 300 mm. 
three times, deflating the cuff completely and flexing the arm each time, after 
which the presence or absence of petechiae are noted. All members of our hyper- 
tensive clinic, as well as medical students, have learned to observe and grade the 
presence or absence of petechiae following this simple procedure. If no petechiae 
appear, the cuff test is reported as zero. If petechiae appear under the cuff but 
along the wrinkles only, it is considered Grade 1. If petechiae appear within 
,other areas under the cuff, but not below the cuff, it is Grade 2. Petechiae ap- 
pearing both under the cuff and under the antecubital fossa are Grade 3, and 
Grade 4 is recorded when the petechiae appear down the forearm or onto the 
dorsum of the hand. 

These observations have demonstrated that: (1) * The cuff test is usually 
negative in patients with hypertension. (2) Patients with a positive cuff test 
show wide variations in the degree of fragility from month to month, regardless 
of treatment. (3) Positive cuff tests were most often related to the severity of 
the disease, especially when the diastolic blood pressure is high. (4) The ap- 
pearance of petechiae coincided with vascular crisis of hypertensive encephal- 
opathy, retinopathy, nephropathy, or other vascular episodes. Such observa- 
tions over several years have caused us to look upon the presence of a positive 
cuff test as a finding of real clinical interest, if not a warning of impending danger 
when it is Grade 3 or more. 

However, many unexplained factors seem to cloud our interpretation. For 
instance, the tests seemed to be much more frequently positive in women. 
Second, a positive cuff test might occur in patients who had no hypertension or 
other evidence of systemic vascular disease. Third, patients with advanced 
nephritis and complicating hemorrhagic phenomena, such as vascular bleeding 
in the eye grounds, gastrointestinal, and respiratory tracts, or deep ecchymotic 
areas in the subcutaneous tissue, would often have a negative cuff test. 

Recently, our interest has again been aroused by the introduction of new 
agents reported to have a favorable effect on hemorrhagic tendencies by increas- 
ing capillary resistance so that we have again given critical evaluation to a group 
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of hypertensive patients, both from a standpoint of methods of measuring in- 
creased capillary fragility and the effect of these newer agents on this fragility. 

MATERIAL 

We have studied a group of forty-four unselected new patients with hyper- 
tension as they entered the renal vascular clinic of the Northwestern Medical 
School. These patients comprise a random sample with a similar socioeconomic 
background without regard to disease severity or any other specific factor except 
that they had hypertension. Fragility tests were repeated once or twice weekly 
on all patients showing any evidence of increased vascular fragility, while those 
showing no abnormality and severity controls were tested once or twice each 
month. 

Before presenting the results of our studies of capillary fragility in patients 
with hypertension, the following information is offered in so far as it affects the 
evaluation of any study of capillary fragility. Reported studies in tvventy 
“normal” controls aided us in selecting what we considered to be the most suit- 
able criteria and pitfalls involved in correctly interpreting our data. 

1. The reliability of the Gothlin Test is in the variety of 0.90 (maximum 
1.0) when negative tests alone are considered. As the test becomes progressively 
more positive, the reliability dimininshes to .05 or below, when the number of 
petechiae range above 12 to 15. 

2. Skin temperature has a pronounced effect on capillary fragility. Heat 
applied for twp or three minutes to the forearm markedly increases capillary fragility. 
Likewise, fragility will decrease following the application of cold to the same area. 

3. When positive or negative pressures are used as a measure of fragility, 
it is to be remembered that the weakest capillaries are being ruptured and tests 
which measure only a small portion of a large capillary population are subject to 
wide variations and follow a different type of distribution. 

4. Skin thickness; Blondes, who are more likely to be thin-skined, hav^e a 
greater tendency to increased fragility than brunettes. Similarly, hirsutism 
strengthens capillary tone. 

5. Other factors, such as tissue anoxia and the nutritional state of the 
individual, particularly as it applies to .avitaminosis, complicate the interpre- 
tation of the test. 

6. Endocrine factors definitely influence the susceptibility to capillary 
rupture. Brewer*® has shown that this susceptibility is greater premenstrually 
than at any other period during the menstrual cycle. He also demonstrated 
t at adrenalin produces the same tendency in man. It is possible that both 
a renalin and the adrenocortical hormone influence the ease of capillary rupture. 

It is well knoAvn that women in menopause have a tendency toward forma- 
ion o spontaneous ecchymotic-type hemorrhages. We have found that this is 
o ten associated with a positiv’^e cuff test and a marked increase in the Gothlin 
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index, e%‘en though iherc is no oilier evidence of vascular disease. Both the 
ecchyniotic tendency and the capillary fragility will become more normal follow- 
ing adequate estrogenic substitution therapy, but are not affected by rutin or 
Vitamin C. This is well illustrated by the following case: 

Case 1. — Miss L. B., 45 years of age, came to the clinic complaining of the usual menopausal 
symptoms; hot flashes, increasing irritability, insomnia, and diminution of menstral flow. In 
addition, she. complained of numerous bruises on her legs, thighs, and arms which were in no way 
related to trauma. When the blood pressure was taken in the routine manner, showers of petechiae 
appeared liencath the cuff and down the forearm to the dorsum of the hand (4 -f- cuff test). The 
blood pressure averaged MS/85. The Gdthlin index was 60. There was no evidence of blood 
dyscrasia and the prothrombin and bleeding limes were normal. Rutin, administered in daily 
do.scs of 180 to 200 units for si.\ weeks, had no effect on either capillary fragility or ecchymosis. 
Vitamin C, calcium, and sedation were also of no avail. Thereafter, estrogenic therapy was 
started and within fourteen days all positive tests of her abnormal vascular fragility as well as 
the areas of ecchymosis had disappeared. There has been no recurrence during the past ten 
months, during v.'hich lime .she has received an estrogenic substance. 

7. Leonard Keeler,^"* the well-known criminologist, in a personal communica.- 
tion has stated that the blood pressure cuff on the polygraph causes showers of 
petechiae to occur in a large number of subjects regardless of age, economic status, 
or blood pressure, although he reports a preponderance of increased fragility in 
women subjects. 

8. We have previously mentioned that patients with advanced renal dis- 
ease who have evidence of spontaneous hemorrhages elsewhere in the body, have 
normal cuff tests and Gdthlin indices. This same fact obtains in patients with 
cirrhosis of the liver. These patients who show spider nevi, dilated abdominal 
veins, and esophageal varices, and who have nutritional abnormalities of the 
skin and body tissues, should be expected to show marked increase in their capil- 
lary fragility as measured by the positive or negative pressure techniques. 
However, oipillary fragility is more often than not normal in spite of the fact that 
there are often gro.ss changes in the prothrombin lime, blood protein, blood 
cholesterol, and vitamins C and K. 

9. Four of twenty control patients (20 per cent), free from cardiovascular 
disease but selected from the same socioeconomic status, revealed' abnormal 
fragilit}'. We also noted that repeated tests of the hypertensive group shows 
fluctuations which would change the allegory of the patient from borderline to 
normal. 

A critical review of the results obtained in the hypertensive group, the 
control group, and in our pilot experiments leads us to doubt that repeated 
simultaneous use of the three tests adequately fulfills the need for a quantitative 
test of increased fragility. Even tiiough a more accurate test should be developed 
that would measure more precisely tlie fragility of superficial skin capillaries, we 
would still be unable to draw any conclusions concerning the status of the capil- 
laries anywhere but in the superficial layers of the skin. Factors which control 
vascular bleeding in the subcutaneous tissues and in the organ systems themselves 
cannot be measured by this type of test. Bearing these limitations in mind, the 
following results were obtained in a series of forty-four unselected patients with 
hypertension. 
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RESULTS 


1 Hypertensive patients examined 

2 Patients with increased fragility, according to the Gothlin Test In- 

dex 

3 Patients with 30 or more petecliiae between 100-500 mm. of 

negative pressure 

4 Patients showing petechiae following 300 mm. cuff trauma test 

5 Patients treated with potassium thiocyanate 

6 Thiocyanate treated patients manifesting increased fragility 


NUMBER 

PER CENT 

44 

7 

15.9 

7 

15.9 

11 

25 

21 

50 

3 

13.6 


It can be seen from this tabulation that the increase of capillary fragility 
occurs in approximately 16 per cent of the hypertensive patients, both as measured 
by the Gothlin index and the negative pressure techniques. Although the cuff 
test is a much more rapid technique for measuring capillary fragility, it is not as 
accurate a measurement as the other tests. 

In our series, 25 per cent of the hypertensive patients showed abnormal 
fragility by the cuff test. Griffith^® reported an incidence of 21 per cent increased 
fragility in 1,219 hypertensive patients. Our figures are quite similar to his. 
However, we must not forget that a certain percentage of normal individuals 
free from cardiovascular disease may also show increased capillary fragility as 
measured by both positive and negative techniques. In our group of control 
patients, 20 per cent showed increased capillary fragility. 

Several authors have made the statement that patients undergoing thio- 
cyanate therapy are likely to have abnormal capillary fragility. Shanno^® stated 
that eleven of his series of twenty-four cases undergoing thiocyanate therapy 
revealed this tendency. Zfass^’’ mentioned a favorable response of two cyanate- 
treated patients when given rutin in conjunction with thiocyanate. Griffith 
and Lindauer^® have also alluded to the possibility that potassium thiocyanate 
may increase capillary fragility. The incidence of decreased capillary resistance 
of hypertensive patients on cyanate therapy was 13.6 per cent, which is approx- 
imately the same incidence as that of the hypertensive group. 

Contrary to the opinion of other observers, we feel that a strongly positive 
cuff test or a high Gothlin index in the presence of a severe hypertension prob- 
ably means advanced vascular damage, provided that the patient is not in the 
menopause. For many years we have noted that capillary fragility will improve 
as the blood pressure is reduced. We have also found that cyanate therapy 
with a subsequent drop in blood pressure improves vascular tone rather than in- 
creases capillary fragility. The following case illustrates the effect of cyanate 
therapy and a subsequent reduction of blood pressure in a patient with severe 
vascular disease and a marked increase in capillary fragility. 

Case 2. Mrs. H. L., white, 47 years of age, stated that a blood pressure of 190 was first 
recorded when she was 29 years of age. Seven j^ears before she came under our care, she had 
en told that her blood pressure was 285, at which time she suffered vertigo and fainting spells. 
ioc 3 *anate was administered for "several months” in 1944 without effect and a thoracolumbar 
sympa ectomy -was done in two stages in June, 1945. Within four months after the extensive 
Gctomy, the blood pressure was well above the capacity of the usual mercury instrument 
ic recor s only 310 millimeters. The diastolic pressure was regularly recorded at 160 to 170 
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We first saw Mrs. H. L. in April, 1946, when her blood pressure was 310+/160. The skin 
of the arm and forearm broke out with a mass of fine petechial hemorrhages which coalesced into 
large areas while the blood pressure was being taken a second time. Because of the severity of 
the vascular rupture, the cuff was changed to the opposite side where another attempt to 
record the systolic pressure failed (310+/170) but the diastolic pressure was obtained. Again 
the peculiar fragility resulted in masses of ecchymosis down the forearm onto the dorsum of the 
hand to the fingers. Potassium thiocyanate was started and the record on May 13, 1946, when 
the blood thiocyanate had reached 6 mg. per cent, shows that lines of traumatic petechiae were 
found under the sphygmomanometer cuff, but none appeared on the skin of the antecubital 
space or forearm; the blood pressure was recorded at 226/130, 260/130, and 266/130. On June 15, 
1947, no traumatic or other evidence of increased vascular fragility could be demonstrated; the 
blood pressure was 240/120, 220/120, and 220/120, and the blood cyanate was 100 mg. per cent. 

Although this patient’s blood pressure was unusually high, the sharp degree 
of vascular fragility, as indicated by the cuff test, was returned to a normal state 
after six weeks of controlled thiocyanate therapy. This favorable response to 
thiocyanate therapy is usually noted by the third or fourth week and a complete 
disappearance of abnormal cutaneous vascular fragility may be expected in four 
to six weeks. 

An analysis of the individual cases manifesting increased fragility revealed 
several interesting conditions. Six of the seven patients showed evidence of ad- 
vanced degenerative retinal changes and moderate to severe renal impairment, 
as shown by the presence of abnormal elements in the urine and poor renal func- 
tion tests. Two of these patients submitted to thoracolumbar sympathectomies. 
The renal biopsies which were taken at the time of operation showed a diffuse 
arteriosclerosis as well as arteriolosclerosis. Three patients in this group gave a 
history of abnormal bleeding. Other associated disease conditions were : cardio- 
vascular accident in one case, coronary thrombosis, detached retina, and Kim- 
melstiel-Wilson’s syndrome. Here again we see that given a patient with ad- 
vanced hypertension, the presence of abnormal capillary fragility probably means 
a severe generalized vascular involvement. 

Rutin was administered in daily doses of 180 to 200 mg. to all patients showing 
abnormal fragility. Three of the seven patients continued to show borderline 
increased fragility during the two-month period of observation. One patient 
showed a temporary improvement during the first month, with a return to ab- 
normal fragility during the second month in spite of continued treatment. In 
three cases capillary fragility returned to normal. No significant reduction in 
blood pressure was found in any of these patients. No signs of toxicity were 
noted. No other subjective or objective changes could be attributed to the 
drug. There was no change in the progress of the disease. 

Our results compare favorably with those reported to us by Taylor and 
Page^® of the Cleveland Clinic, who repeatedly performed the Rumpel-Leede 
test on forty patients with hypertensive vascular disease over a six-month period. 
Twenty-two of their patients were given 300 mg. of rutin daily. Eleven of these 
had a decreased number of petechiae during period of observation. The other 
eleven showed no improvement, and of this latter group, three had cerebral 
vascular accidents. One had a myocardial infarction while taking rutin. The 
remaining eighteen patients received no rutin. Fifty per cent of this group 
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likewise showed a definite improvement in capillary fragility while under observa- 
tion for a six-month period without treatment. None of this group developed 
signs of acute vascular insufficiency. In an attempt to establish the value of 
estimates of capillary fragility a^nong patients with hypertension, the Rumpel- 
Leede test was performed on several hundred normal persons and patients with 
various diseases. Acutely ill patients over 50 years of age often showed increased 
capillary fragility. This was particularly true of patients with a significant 
amount of arteriosclerosis and accompanying hypertension. The degree of 
capillary fragility varied from month to month in hypertensive or other patients. 
With the general improvement resulting from bed rest and recovery from heart 
failure, there were usually fewer petechiae produced by the test employed. 

It was the opinion of the observers that in their hands rutin was of no benefit 
in the treatment of hypertension or its complications. 

DISCUSSION 

We do not believe that any of the three tests described adequately fulfills 
the need for an accurate quantitative method for determining increased capillary 
fragility and the response to therapy. They are all gross qualitative category 
tests, subject to spontaneous variation in the same patient from week to week. 
Many complex factors influence the susceptibility of capillaries to rupture, and 
these same factors render the interpretation of results more difficult. 

In view of the lack of sensitivity of the capillary fragility tests, and the 
many factors influencing the determinations, one must be careful in interpreting 
the response to therapy in a group of individuals. 

Although rutin has been efficacious in correcting abnormal capillary fra- 
gility in a large series of patients, our results in a small group have been dis- 
appointing. Glazko and associates-® have recently described a fluorophotometric 
method of determining the blood levels and execration of rutin and other members 
of the flavone group. A great deal of additional pharmacologic study must 
be done before we can assign to rutin a prominent role in the correction of a 
possible deficiency state. 

The possibility that thiocyanates, of themselves, increase capillary fragility 
is a debatable point. Our results do not show that thiocyanates increase capillary 
fragility, in fact, the tendency to capillary rupture appears to decrease as the 
blood pressure is lowered by thiocyanates. 

Abnormal capillary fragility seems to be associated with the presence of 
advanced, diffuse degenerative arteriosclerotic changes. Rutin does lessen the 
tendency to petechiae rupture in some cases, but the results in our small group 
series have been disappointing, 

- SUMMARY 

^ The efficacy of three tests used in measuring capillary fragility in patients 
v it 1 hypertension has been reported. A cuff trauma test, although less accurate 
t lan either the Gothlin index or negative pressure test, is rapid, simple to perform, 
an gi\es an excellent preliminary estimation of the severity of the vascular dis- 
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ease of the hypertensive patient. In addition, it is a guide to the degree of clin- 
ical irhprovement of patients undergoing cyanate therapy. The Gothlin index, 
although showing less variability than the negative pressure test, is probably not 
as sensitive as the latter. In doing the negative pressure test according to the 
technique as first described by Johnson, we do not believe that individual read- 
ings of the negative pressure at which the first petechiae appear in a small local- 
ized area are reliable criteria. For this reason, we prefer to do serial counts at 
100 mm. gradations, from 100 to 700 mm. Hg, and count the total number, ap- 
pearing between 100 and 500 mm. of mercury. The most consistent results were 
found by this method. 

Of forty-four hypertensive patients examined by three capillary fragility' 
tests, approximately 16 per cent had increased fragility as measured by the 
Gothlin index and negative pressure technique. Twenty-five per cent had in- 
creased fragility following the cuff trauma test. Only 13 per cent of the cyanate- 
treated patients manifested increased fragility, while 20 per cent of our normal 
control patients showed increased fragility. 

Even though it is our clinical impression that patients with a severe degiee of 
hypertension who manifest a marked increase in capillary fragility as measured 
by the Gothlin .index or cuff trauma test have widespread vascular disease, 
we cannot interpret, on a scientific basis, the condition of the generalized vascular 
bed in the cerebral, cardiac, or renal systems on the basis of studies of super- 
ficial capillary fragility. 

Multiple extrinsic causes of capillary fragility aside from vascular disease 
must be considered before any interpretation can be made. Normal individuals 
without hypertension or end artery disease may show abnormal capillary fragility 
as measured by these tests. Likewise, patients with advanced degrees of gen- 
eralized vascular damage may have normal capillary .fragility. The degree of 
capillary fragility in any one Individual is not consistent but varies from month 
to month. 


CONCLUSION 

1. Three capillary fragility tests, the Gothlin Test, the negative pressure 
test, and the cuff trauma test, have been compared and evaluated, 

2. It does not appear as though any one of these tests adequately fulfills 
the need for an accurate quantitative test. 

3. Abnormal capillary fragility was found in 15.9 per cent of forty-four 
hypertensive patients, 

,4. Thiocyanates did not increase capillary fragility in this particular series. 

5. Rutin, administered in 180 mg. doses daily, reduced the susceptibility 
to capillary hemorrhage in three patients. In three, the results were questionable. 

6. Abnormal C 9 .pillary fragility was associated with advanced diffuse 
degenerative arteriosclerosis in most of our cases. 
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NIGHT CRAMPS IN HUMAN EXTREMITIES 


A Clinical Study of the Physiologic Action of Quinine and 
Prostigmine Upon the Spontaneous Contractions 
OF Resting Muscles 

Harold K. Moss, M.D., and Louis G. Herrmann, M.D, 

Cincinnati, Ohio 

I N OCTOBER, 1940, we reported the successful management of “night 
cramps’’ with quinine sulfate^ and stated that further investigation relating 
to the mechanism of action was being pursued. M'any additional patients were 
treated from that time until government regulations restricted the use of quinine 
for general use. Twenty patients of this new series were followed in the Vascular 
Disease Clinic of the Cincinnati General Hospital over a protracted period for the 
purpose of investigating both the site of action of the drug and the physiologic 
factors responsible for the onset of the cramps. Because of the preclusion of the 
general use of quinine during the last few years, this report dealing with the 
pharmacologic and physiologic implications of the study has been withheld until 
the present. 

material 

In contrast to the first group, which was selected from patients already 
attending the Vascular Disease Clinic for other conditions, the patients used in 
this study were referred by other clinica specifically for the care of “night cramps.’’ 
Concomitant disease entities were to be expected. Most of these were coinci- 
dental. Some definite correlation, however, was established with certain disease 
entities. Fifty per cent of these patients were referred to us by the Diabetic 
Clinic. Twent)''-five per cent of the patients were being treated for varicose 
veins of the legs or gave a history of having had varicosities. Consistent with 
the association of cramps and varicosities in this last group was the finding of 
a history of peripheral venous thrombosis or thrombophlebitis in many of our 
private patients who had night cramps. The incidence of arterial disease in 
these patients was high, but special vascular studies on ten of them showed 
serious arterial deficiency in only four. Avitaminosis, as evidenced by pares- 
thesias of the extremities, was common, particularly in the older patients. 
Vitamin B complex deficiencies are frequently a cause of night pain and numbness 

From tlie Departments oC Morlicine and Surgerj-, College of 'Medicine, University of Cincinnati, 
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in the distal portion of the extremities. Proved cases of vitamin deficiencies 
referred to our clinic by error and relieved by vitamin therapy were excluded 
from this study. In those in whom night cramps and avitaminosis coexisted, the 
muscle cramps were relieved first by quinine before instituting vitamin therapy, 
or thiamine chloride and yeast were administered initially and continued while 
the quinine and placebo capsules were alternated. In no instance did vitamin 
therapy relieve the muscle cramps. 

METHOD, DOSAGE, AND RESULTS 

The reports of Wolf and Kennedy^"-’’ regardin'g the antagonistic effect of 
quinine hydrochloride and prostigmine salts upon myotonia and myasthenia 
gravis prompted our original trial of quinine sulfate for the relief of night cramps. 
It seemed important, therefore, to recheck not only the beneficial effect of quinine 
salts but also the action of prostigmine upon patients susceptible to these night 
cramps. Quinine sulfate, 3 grains (0.2 Gm.), a placebo, and prostigmine bromide, 
7.5 or 15.0 mg. were prepared in’ identical capsules. Patients were started with 
either the placebo or quinine sulfate originally; if the latter, the placebo was sub- 
stituted as soon as relief of the night cramps was noted. Three grains of quinine 
sulfate were experimentally established as the initial therapeutic dose and ad- 
ministered after each meal. The morning dose was of little benefit, except to 
those experiencing muscle cramps while resting during the day. Three grains 
of quinine at bedtime were sufficient in some instances; two grains were in- 
sufficient for most patients. Faster acting quinine dihydrochloride was given 
some patients at bedtime where cramps appeared promptly upon retiring. Later, 
three grains of quinine sulfate after supper supplemented by a similar dose at 
bedtime proved equally beneficial. Relief was usually obtained on the first or 
second night. Often it was complete at once ; sometimes milder or less frequent 
cramps persisted for some days after treatment was begun. Repeated alterna- 
tions with placebo capsules over long periods were possible in many patients. 
Eventually, after a varying degree of quinine therapy, release of muscle cramps 
persisted without medication. Whether this was due to the interruption of some 
metabolic cycle by quinine or to the natural history of the condition could not be 
established. Night cramps are usually periodic regardless of treatment. Re- 
lief, however, was so prompt in all cases and pain recurred so often with placebo 
capsules that there could be no question as to the specific action of the drug in 
this condition. ■ - . 

In those patients who came to the clinic complaining of night cramps and 
who received prostigmine bromide before the quinine, no alteration in the fre- 
quency or intensity of the- cramps was acknowledged by any of the patients. One 
patient who was able to precipitate spasm of the muscles of the leg by forcefully 
extending his foot for- twenty-five seconds received two ampules of prostigmine 
methylsulfate (1 :2000) mthout influencing the time of onset of the cramps or the 
a 1 ity to obtain relief from them by pressing his foot upon the floor. Tests were 
made every five minutes from twenty to forty-five minutes after subcutaneous 
injection of the prostigmine. In only two patients did prostigmine bromide 
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induce muscle cramps after they had been relieved by quinine. This jnay have 
been coincidental since quinine gave relief despite continued administration of 
prostigmine in these patients aiid since prostigmine alone, upon discontinu- 
ance of quinine sulfate, failed to precipitate spasm. 

Other Ejects of Prostigmine . — ‘It is possible that larger doses of prostigmine 
might have increased the night cramps. The dosage used, however, was adequate 
to produce other physiologic effects of prostigmine, the most interesting of which 
was peripheral vasodilatation. Patients with peripheral arteriosclerosis, while 
reporting no change in muscle spasms at rest, volunteered the information that 
their extremity “no longer felt cold,” or that “the heaviness” had left, or that 
“life was back” in a toe which had been numb. Spontaneous burning pains often 
were abated or were reduced in intensity. One patient in his late forties noted 
marked improvement in intermittent claudication. The other patients with 
intermittent claudication were older and obtained little or no relief of muscle 
cramps on exertion. Perlow^^'*^ also reported that intermittent claudication in 
arteriosclerotic patients was most refractory to prostigmine therapy. 

Another effect of prostigmine was its action on joints with hypertrophic 
arthritis. Patients called our attention to increased motion in- an ankle joint 
which had been restricted for years, or reported increased mobility in knees or 
feet. Subsequently, we have used prostigmine in a selected group of patients 
who were suffering from osteoarthritis and we have noted improvement in 
many of them. Trommer and associates^® recently reported thirteen patients 
with rheumatoid arthritis who showed marked and prompt relief after the use 
of prostigmine. ' Our series was restricted to patients with hypertrophic arthritis 
and we noted beneficial response with relief of pain and stiffness of the joints within 
twenty to thirty minutes of the subcutaneous injection of prostigmine methyl- 
sulfate. The action may be one of relaxation of periarticular tissues through 
vasodilatation similar to that produced by short wave diathermy treatments, 
rather than relief from spasm by the action of prostigmine within the spinal cord, 
as described by Rabat and Knapp.® 

Reports of uncomplicated cases with night cramps were published in our pre- 
liminary report. This additional history is added to show the existence of con- 
comitant disease as well as to evaluate the action of prostigmine. 

B. F., a Negro woman 60 years of age, came to the Vascular Disease Clinic on May 1, 1941, 
complaining of "night cramps.” Her sleep had been disturbed for montlis by spasms in the calf 
muscles of the legs. The spasms were more pronounced following unusual activity during the 
day. In addition, she gave a history of adequately treated syphilis, diabetes mellitus which was 
controlled by dietary management alone, and arteriosclerotic heart disease in a state of compen- 
sation with digitalis therapy. 

Physical examination revealed an alert woman who appeared much older than 60 years. 
In addition to generalized arteriosclerosis and hypertrophic arthritis, she had a smooth beefy-red 
tongue and complained that her feet "burned.” Oscillonietric tracings showed diminished pulsa- 
tion in both legs. It was decided to postpone treatment for the vitamin deficiency until after the 
night cramps had been relieved. 

Quinine sulfate, 3 grains, was prescribed after dinner and at bedtime. Two weeks later, she 
reported complete relief of the night cramps. This relief started on the daj’- after quinine was 
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first given. Quinine sulfate was continued and, to combat the vitamin deficiency, thiamine chlo- 
ride, 15 mg. together with an ounce of dried brewer’s yeast, was given daily. 

During the next six weeks there was much improvement in the vitamin deficiency. The dose 
of thiamine and yeast was thereafter kept constant and quinine sulfate therapy alternated with 
a placebo and prostigmine. On July 28, she reported severe night cramps following the substitu- 
tion of the placebo capsule for the quinine. Quinine sulfate was again administered for one 
month, and by August 20, only one muscle cramp had occurred. On September 17, no night 
cramps were reported despite the fact that quinine sulfate had been discontinued two weeks 
before. This persistent relief following the discontinuation of the drug is a typical clinical effedt 
of varied periods of quinine administration in patients with night cramps. At this time prostig- 
mine bromide was substituted for the quinine. On September 24, no cramps had appeared 
following prostigmine bromide, 7.5 mg. after dinner and at bedtime. Prostigmine bromide, 
15 mg. three times a day, was administered. On October 22, no cramps had been noted. The 
patient reported slight weakness and sweating following the use of “these capsules.” The dose 
of prostigmine was then reduced to 7.5 mg. three times a day. On October 29, the patient re- 
ported only one slight night cramp. She volunteered the information that movement of her 
“stiff joints” was freer. Prostigmine was administered for more than a month with no return of 
the night cramps. Vitamins were administered throughout this period. During the month of 
December, only the yeast and thiamine were administered. In January, she reported no return 
of night cramps but her joints again “became stiff” following the discontinuance of prostigmine. 


. DISCUSSION 

The theory of the chemical transmission of nerve impulses assumes the 
discharge of choline from nerve endings, which in turn stimulates the motor 
endplates in the muscle. The choline is promptly destroyed by the cholin- 
esterase in the blood. Physostigmine and prostigmine protect the choline against 
destruction by this enzyme. They thus amplify or prolong the choline effect 
upon the muscle endplates. Quinine supposedly diminishes the sensitivity of 
the endplates to the stimulation of the cholinergic nerves. Notwithstanding the 
clinical value of this hypothesis, most investigators believe that further experi- 
mental work is necessary to establish accurately the mode and the site of the 
action of prostigmine and quinine. Some doubt is added by the fact that acetyl- 
choline and acetyl-beta-methylcholine, the activity of which is protected by 
prostigmine, will not influence either myasthenia gravis or the myotonias. 

We are most concerned with quinine in this work. Though quinine salts 
might well antagonize prostigmine in certain diseases, they need not necessarily 
act at the same point. Harvey® states “it is possible that the drug (quinine) 
exerts its influence upon both the neuromuscular junction and the muscle itself.” 
The exact effect of quinine on isolated muscle has been shown by the nerve muscle 
preparation of Briscoe.® Briscoe found that the perfusion of the preparation with 
quinine did not decrease the amplitude of contraction as much as it decreased the 
ability of the muscle to maintain tension upon repeated rapid stimulation. 
Thus, a refractory stage was created in skeletal muscle approaching that of normal 
heart muscle. The action is not unlike that of quinidine sulfate. Briscoe’s 
experiments did not determine whether the myoneural junction or the muscle 
itself was the site of action of the quinine. Briscoe, however, compared the 
action of quinine to mild degrees of curarization. If her analogy is correct, further 
ight is thrown on the point by Langley. Noting the tonic effect on skeletal 
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muscle when touched by nicotine, Langley^^^ found “that this contraction is pre- 
vented by a sufficient quantity of curare; and that the action of both poisons is 
unaltered, in essential features, by degeneration of the nerve endings.” 

Our clinical observations with quinine point more toward direct action upon 
muscle. First, prostigmine failed to initiate or increase the frequency of muscle 
cramps. Second, the physiologic circumstances attending the onset of cramps 
seemed to be related to metabolic conditions within the muscle at the time of onset. 
It was pointed out earlier that 50 per cent of our patients were referred to us by 
the Diabetic Clinic and that the presence of vein pathology was the next most 
consistent finding. Most interesting was the coincidence' of both intermittent 
claudication and night cramps in four patients. In all four of these patients, the 
muscle spasm at rest was completely relieved by quinine sulfate while the inter- 
mittent claudication on exertion remained unchanged. We believe that the 
muscle spasm in these patients resulted from the stimulation of the muscle by 
metabolites, which accumulated as a result of venous stasis or by the products of 
abnormal muscle metabolism such as is observed in patients with diabetes 
mellitus. The high incidence of muscle cramps in pregnant women might be 
associated with the increase of venous pressure in the legs and is consistent with 
the concept of an arteriovenous communication in the placenta. If we are cor- 
rect in the assumption that metabolites stimulate the muscle and cau.se cramps, 
one should expect an increase in metabolic by-products following exercise. 
Almost every patient noticed that muscle cramps at night were most severe 
following unusual activity during the day. One woman reported that she had 
night cramps in the calf muscle of the legs when she worked the pedal of her sew- 
ing machine during the early evening. This finding is not inconsistent with 
Gobtnick’s^' correlation of cramp and postural defect where muscular stress would 
necessitate increased metabolic activity. The phenomenon of spontaneous muscle 
contraction at rest following activity seemed so similar to rigor mortis that we 
investigated the onset of rigor in animals following death from air embolus or 
lethal doses of quinine. No differences were noted. Experiments on animals 
dying following violent exercise with and without previous quininization are 
being pursued. 


CONCLUSIONS 

1. Twenty patients suffering from nocturnal muscle cramps at rest were 
observed for a prolonged period of time. 

2. Night cramps appear to 'result from the action of some end product of 
metabolism, as in diabetes, or from poor elimination of normal end products of 
muscle metabolism, as in patients with venous stasis due to varicose veins, preg- 
nancy, or following deep venous occlusion. 

3. Increased muscular activity favors the development of night cramps in 
the rest which follows such activity. 

4. No etiological or therapeutic relationship exists between intermittent 
claudication and muscle cramps at rest. 
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5. Quinine sulfate has been found to give prompt relief of night cramps in 
extremities. 

6. Evidence indicates that the action of quinine is directly on muscle, 
rather than on the myoneural junction. 

7. Quinine sulfate produces a refractory period in skeletal muscle that is 
similar to the refractory period in heart muscle. 

8. Prostigmine, the supposed pharmacologic antagnonist of quinine, failed 
to increase the intensity or frequency of night cramps when administered in doses 
sufficient to produce the vasodilating effect of the drug. 
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THE RELATION BETWEEN ARTERIAL PRESSURE AND 

BLOOD FLOW IN THE FOOT 


P. ScHEiNBERG, M.D., E. W. Dennis * R. L. Robertson, i\'LD.,t 

AND E. A. Stead, Jr., M.D. 

Atlanta, Ga. 

T he relationships between blood flow and arterial pressure in man have 
never been clearly elucidated, primarily because a satisfactory technique 
for raising and lowering the arterial pressure in a part, without using either 
vasoconstrictor drugs or intense sympathetic stimulation, or causing venous 
congestion, has been lacking. Because of the large surface area in relation to 
its total mass, the foot presents itself as an ideal anatomic subject for studying 
the relation between arterial pressure and blood flow in the skin. The mean 
arterial pressure in the foot may be doubled by standing upright. Venous 
congestion may be avoided by emptying the foot of its venous blood by applying 
to the foot a pressure which e.xceeds the hydrostatic venous pressure, but is well 
below the arterial diastolic pressure, and thus does not impede the arterial 
inflow. On release of this pressure, blood flows into the foot under a tremendous 
pressure head which is unopposed on the venous side until the foot is filled. 
In this study, the blood flow with the subject in the supine and erect positions 
was measured by means of a foot plethysmograph. 

method 

The normal subjects were medical students and ambulatory patients without 
evidence of vascular disease or hypertension. Observations were made on 
only one patient with vascular disease. The studies were done at various times 
during the day, and food intake was not restricted. The room temperature 
varied on dilTerent days between 24.0° and 26.5° centigrade. 

The plethysmograph used in this study has already been described.^ It 
was bolted to the end of a hand-operated tilt table in such a manner that it 
could comfortably accommodate the left foot. The opening for the foot in the 
plethysmograph was covered with a rubber membrane, in the center of which 
was cemented a rubber sock. The left foot was fitted into the rubber sock, the 
neck of which was sufficiently redundant to fit snugh’ around the ankle when the 
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plethysmograph was filled with water. In order to avoid trapping air around 
the foot in the rubber sock, the instrument was filled with water when the sub- 
ject was in the erect posture, thus forcing out all the free air. Soft tissue paper 
was placed around the ankle at the point where the rubber made contact in order 
to obviate the formation of a dead space when the plethysmograph was put in 
different positions. The rubber membrane through which the foot entered the 
plethysmograph was made as rigid as possible by a felt pad backed by wood 
sections cut to fit the ankle. Care was taken to avoid constriction of the ankle 
at any point. 

The plethysmographic method for determining blood flow measures the initial 
rapid increase in foot volume which results when a venous cuff placed on the leg 
just proximal to the plethysmograph is suddenly inflated to a level approximately 
equal to the diastolic pressure. The initial increase in foot volume was recorded 
on moving paper by kymograph pen resting on a Brodie bellows. It was found 
that a bellows with a volume capacity of 40 to 50 ml. was desirable to obtain 
easily measurable tracings. The bellows was calibrated by adding known 
amounts of water to the plethysmograph. 

The water surrounding the foot was kept at the desired temperature for at 
least thirty minutes before the blood flow measurements were recorded. During 
this time the subject rested quietly in the recumbent position. The water in the 
plethysmograph was mixed by a small electric stirring unit. 

The arterial pressure was recorded with a mercury manometer by the 
auscultatory method in the erect and supine positions. The arm was placed at 
heart level. 

The foot was emptied with the subject in the supine and erect postures by 
air pressure suddenly applied to the interior of the water-filled plethysmograph 
from a large reservoir.* The pressure Avas kept on the foot from four to eight 
seconds, \Afiiich proved to be long enough to empty the A'^enous system ; it AA^as then 
released and the blood Aoav recording begun one second after the release. In the 
recumbent position, 50 mm. Hg of air pressure Avere used to empty the foot; in the 
erect position, llOto 130mm. Hgof pressure AA'^ere used, depending on the subject’s 
height. Care should be taken to have large bores in the stopcocks so that air pres- 
sure AAnll equalize rapidly Avhen it is introduced or released. Despite these precau- 
tions, the time required for the air to expand and escape from the plethysmograph 
completely is sufficiently long that a portion of the curA'^e recorded one second 
after release of the air pressure is the result of air expansion and not blood Aoaal 
To correct for this artefact, it is necessary to stop the blood Aoaa' into the foot by 
an arterial tourniquet and then obtain curA^es after release of the air pressure from 
the plethysmograph. When the slope of this curA'^e is subtracted from the first 
curv'e, the true blood floAV', expressed in cubic centimeters of blood per minute per 
100 c.c. of foot (Fig. 1), may be calculated. 

The method A\'e haA^e described AA'as the most conA^enient one devised for 
measuring blood Aoaa' in the erect posture, for measurements could be made 

,, Thts eficclively empties the foot when the plethysmograph is filled with water. It is not ellectiv'e 
It used as an air plethysmograph. 
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repeatedly during a short period of time. In order to be certain that the correc- 
tion for the air pressure was a valid one, the procedure was done in such a way 
as to eliminate that factor. The subject was tilted into the head-down position , 
and air pressure was applied to empty the foot; an arterial cuff was then inflated 
just proximal to the plethysmograph to a pressure of 300 mm. Hg, and the air 
pressure in the plethysmograph was released. The subject was then immedi- 
ately tilted to the upright position, the arterial cuff released, and the flow of blood 
measured. The period of arterial occlusion did not exceed twelve' to fifteen 
seconds, which avoided a significant amount of reactive hyperemia (Fig. 1). 

A ERECT (PRESSURE) 



BLOOD FLOW -RELATION TO POSTURE 


Fig. 1. — The blood flow into the emptied foot with the subject erect and recumbent (water tempera- 
ture 45° C.). In this and subsequent diagrams, the ordinate is cubic centimeters and the abscissa is 
seconds. These figures were drawn to scale from the original tracings, with the exact time relation- 
ships indicated. The undulations in the blood flow linos indicate the arterial pulsations: they are absent 
in the tracings made with arterial cuif applied. Curves A and C were obtained after the foot was 
emptied by air pressure. Curve E is the curve of air expansion with the subject erect. Zero time on 
the graph is actually one second after the release of air pressure. E is subtracted from A to obtain 
the true blood flow. B is blood flow in the erect position, taken on release of arterial tourniquet which 
was applied immediately before tilting. The arterial inflow was occluded for fifteen seconds. D is the 
blood flow into the empty foot with the subject supine. The foot was emptied by air pressure and kept 
empty by the application of an arterial tourniquet. Fifteen seconds later the tourniquet was released 
and curve D inscribed. 


Experiments were designed to determine what pressure would be required 
to empty the foot completely of its venous blood in the erect posture, and to de- 
termine the effect of the emptying pressure on the blood flow. A standpipe, 
160 cm. in height, was fastened to the top of the plethysmograph and water was 
added to fill it to various heights between 110 and 135 cm., depending upon the 
height of the subject. The rubber tube connecting the plethysmograph to the 
Brodie bellows was then attached to the open top of this standpipe in such a 
manner that free communication existed from the interior of the plethysmograph 
to the bellows through the standpipe. Any change in the water level in the stand- 
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pipe immediately reflected itself in a rise, or fall of the recording needle attached 
to the bellows. Blood flow determinations were then performed by suddenly 
applying the venous culiP, which encircled the ankle, at a pressure of 150 to 170 mm. 
of mercury. 

The procedure for measuring blood flow during reactive hyperemia was 
similar to that which has been described many times. The values given in the 
table represent the initial inflow into the foot occurring immediately after the 
release of the tourniquet. 

Foot volume was measured directly by water displacement. 

RESULTS 

Maximum Dilatation of Vessels in the Fool . — It seemed desirable to measure 
the effect on blood flow of increasing the blood pressure in the foot with the vessels 
fully dilated as well as under more normal conditions. For that reason, observa- 
tions were made to determine which procedures would produce maximal vaso- 
dilatation (Table I). 

Table I. Reactive Hyperemia. Relationship of Blood Flow (Supine) to Time 

OF Arterial Occlusion 



Blood Flow 


38° C. 


time of arterial occlusion 
(min.) 


S 10 15 0 5 10 15 
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12. 

7 



34. 

0 

32. 

8 

15. 

6 



15. 

6 

14. 

9 

13. 
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Fairly complete vasodilatation has been reported as occurring in the vessels 
of the forearm (a muscular area) after arterial occlusion with water surrounding 
the arm at 32° C. for a period of five minutes.^ This is not true for the foot; the 
blood flow after arterial occlusion at 32° C. for five minutes was rarely more than 
40 per cent of the maximal blood flow (Table I). Arterial occlusion at 32° C. 
for fifteen minutes caused a further increase in the blood flow (on the average, 
about 70 per cent of maximal) , but it rarely produced maximal blood floAv. Arterial 
occlusion for ten minutes, with water temperature at 38° C., produced maximal 
blood flow in only one of five subjects (Fig. 2). Thirty minutes’ immersion of 



BLOOD FLOW-RELATION TO TEMPERATURE 


Fig. 2. — Increasing flow in the foot with increasing water temperatures. In this subject the blood 
flow' (reactive hyperemia) at 38° C., following ten minutes arterial occlusion, is approximately equal to 
the blood flow at 45° centigrade. These flows were taken with the patient supine. 


the foot in water at 45° C., which was as hot as the average patient could com- 
fortably tolerate, produced maximal vasodilatation in almost 100 per cent of the 
subjects, as indicated by the fact that arterial occlusion produced no further 
increase in blood flow (Fig. 2). This had previously been demonstrated by 
Kunkel and Stead,® There is a large variety of stimuli capable of varying the 
blood flow at almost any water temperature; particularly anxiety, room tem- 
perature, or discomfort. It is important, therefore, to make an effort to keep 
the patient as comfortable as possible and not to allow the room temperature to 
vary widely. It is unwise to assume that local heat has caused maximal dilata- 
tion in the foot within the the plethysmograph until the other foot has be- 
come warm from reflex vasodilation. 

Effect of Empiymg the Foot of Its Venous Blood With the Patient Recum- 
bent . — ^When the foot is placed in the plethysmograph, varying degrees of venous 
congestion occur because of the pad and form around the entrance, even though 
an attempt is made to avoid this. The blood flow in the foot emptied of its venous 
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blood is faster than in the full foot at both water temperatures of 32° C. and 45° C. 
(Table II). 


Table II. Blood Flow in Supine Position 


SUBJECT 

32° C. 

45° C. 

! FOOT NOT EMPTIED 

FOOT EMPTIED 

FOOT NOT EMPTIED 

FOOT EMPTIED 

W. B. 

I 2.6 

3.7 

1 

1 

W. M. 

7.8 

8.6 

11.3 

14.7 

E. S. 

4.0 

4.8 

13.5 

17.5 

J. B. 

3.5 

4.9 

7.5 

13.8 

L. C. 


i 

2.1 

3.6 



1 

( 40 °)* 

( 40 °) 

E. D. 

4.2 

5.6 i 

14.3 

19.0 

P. S. 

5.3 

5.6 1 



F. R. 

2.3 

3.5 

« ' 




All figures expressed in c.c./mln./lOO c.c. of foot. 
*See text. 


In those subjects in whom the blood flow was compared in the full and 
empty foot in the supine position, the following results were obtained: 

The blood flows at 32° C. in the unemptied foot varied between 2.3 and 7.8 
c.c. per minute per 100 c.c. of foot and between 3.5 and 8.6 c.c. in the emptied foot. 

At 45° C., the blood flows in the unemptied foot varied between 7.5 and 14.3 c.c. 
per minute per 100 c.c. of foot and between 13.8 and 19.0 c.c. in the emptied foot. 

The percentage difference at 32° C. is very nearly equal to that at 45° C., 
the average increases in blood flow from the full to the empty foot equalling 
35 per cent and 39 per cent, respectively. The absolute difference in cubic centi- 
meters at 32° C. is, of course, much smaller than at 45° centigrade. In comparing 
the blood flows in the supine and erect postures, it is advisable to compare the 
values for the emptied foot in both circumstances, for this obviates much of the 
variation in flow which occurs in the full foot (Fig. 3). The values for supine 
blood flows obtained at the beginning of this study were measured in feet which 
were not emptied, but the differences between supine and erect blood flows were 
of such magnitude that legitimate comparisons can still be made easily. (Those 
subjects in whom the foot was emptied are marked by an asterisk in Table III.) 

Effect on Blood Flow of Increasing the Arterial Pressure in the Foot by Standing 
(Table III). — ^The mean arterial pressure in the recumbent position was calcu- 
lated from the arithmetic mean of the values for the systolic and diastolic pres- 
sures. This value is somewhat higher than the true mean pressures. The mean 
pressure in the erect position was obtained by adding to the mean pressure 
calculated from the value obtained by the auscultatorj'^ technique the pressure of 
a column of water extending from the mean immersion level of the foot to the 
ourth rib. As the arch of the aorta extends higher than the fourth rib, the 
estimated pressure is probably somewhat too low. The estimated mean pressure 












Table HI. Blood Flow in c.c per Minute per 100 c.c of Foot 
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in the foot, with the subject in the upright position, was approximately double 
the estimated mean pressure with the subject in the supine position (Table III). 

The blood flows at 32° C. in the erect posture ranged from 5.0 to 33.0 c.c. 
per minute per 100 c.c. of foot. In comparing the blood flow in the erect and 
supine positions, only values were used where the foot had been previously emptied 
of blood by air pressure before the arterial inflow was recorded. The increases 
in blood flow in the foot at 32° C. which resulted when the subject was changed 
from the supine to the erect posture ranged between two and three times the orig- 
inal level in tha supine posture. The average increase was 2.4 times the orig- 
inal resting blood flow in the supine position. 

A ERECT 



Fig. 3. — Blood flow into an unemptied and an emptied foot with subject recumbent compared 
with blood flow in emptied foot with subject erect. (Water temperature 45° centigrade.) D repre- 
sents the curve of expansion of air occurring one second after release of air pressure (subject erect). 

At 45° C., successive determinations in a given subject gave much more con- 
stant values than at 32° centigrade. There was still a wide variation in the values 
from subject to subject. The blood flow in the erect posture ranged between 24.0 
and 77.0 c.c. per minute per 100 c.c. of foot. The increases resulting from assum- 
ing the erect posture ranged between two and three times the original supine level. 
The average increase was 2.5 times the original resting level obtained in the supine 
position. Again, only those obsetA'^ations made with the foot emptied in both 
the erect and recumbent positions are included. 

In the four subjects, the blood flow was compared in the erect and supine 
postures at 38 centigrade. The blood flows in the erect posture ranged from 20 
to 43 c.c. per minute per 100 c.c. of foot. As the foot was not emptied, no com- 
parison can be made between the blood flow in the emptied foot in the erect and 
supine positions. 

The question arose whether the rapid filling of the foot in the erect position 
resu Ic entirely from arterial inflow or from the combination of arterial inflow 
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and venous back flow from gravity. After the foot was emptied by air pressure, 
a cuff immediately proximal to the plethysmograph was inflated to 130 mm. 
of mercury. This was not sufficient to interfere with the arterial inflow, but it 
should have prevented venous back flow into the foot due to incompetent valves. 
The application of this cuff did not alter the rate of filling of the foot. It must be 
remembered that essentially normal subjects were being studied. Different 
results would be expected in subjects with incompetent venous valves. 

The foot in the erect posture was largely emptied of venous blood by hydro- 
static pressure 8 to 15 cm. greater than the venous pressure. At 32° C., the 
blood flow with hydrostatic pressure applied varied between 1.3 and 6.6 c.c. 
per minute per 100 c.c. of foot. The blood flow was not significantly different 
from that present with the patient in the horizontal position. Observations 
were made on four subjects at 45° centigrade. In three, there was no significant 
difference in the standing and l 3 dng positions. In the fourth, the blood flow in 
the erect position was reduced by the hydrostatic pressure to a level below that 
present with the patient supine (Table III). 



BLOOD FLOW IN ARTERIOSCLEROSIS 

Fig, 4. — Blood flow tracings in arteriosclerosis. (Temperature of water 40° centigrade.) The 
dorsalis pedis, posterior tibial, and popliteal pulses were not palpable. The slow filling of the foot, 
even in the erect posture, is obvious. Note disappearance of arterial pulsations as foot fills. 

Observations were made on three different days on one subject (L. C. in 
Tables II and III and Fig. 4) with moderately advanced arteriosclerosis obliterans, 
two weeks after a lumbar sympathectomy had been done. It seemed desirable 
to determine the effect of a postural increase in arterial pressure on the blood 
flow into a foot which was fed entirely by collateral circulation. The femoral 
pulse' was present but the popliteal, posterior tibial, and dorsalis pedis pulses 
could not be felt. 

He was studied at 40° C. rather than 45° C., to avoid possible tissue trauma. 
In a normal individual, rapid blood flow through the foot, when immersed in 
water at 45° C., acts as a cooling system to lower the temperature of the foot. 
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This cooling^ mechanism is greatly handicapped in the presence of obliterative 
vascular disease. His supine blood flow was 2.7 c.c. per minute per 100 c.c. of 
foot; on standing erect, the flow increased to 9.6, or about 3.5 times. The blood 
flow with the subject in the erect position, with pressure in the standpipe sufficient 
to empty the foot of its venous blood, was essentially identical with that obtained 
with the patient supine. 


DISCUSSION 


The relationship in man between the quantity of blood flowing through a part 
and the arterial pressure has never been thoroughly studied because of the lack 
of a convenient and physiologic method of increasing the arterial pressure. 
The observations recorded in this presentation are of interest in that they dem- 
onstrate that an increase in arterial pressure will cause an increase in blood flow 
through the skin, both in vessels which are partially constricted and in those 
which are completely dilated by heat. An increase in blood flow from a rise in 
arterial pressure was to be expected when the vessels were maximally dilated. 
The response to an increase in arterial pressure when the vessels, are partially 
constricted could not have been predicted. On theoretical grounds it seemed 
possible that an increase in blood flow produced by a rise in arterial pressure 
might be compensated by vasoconstriction. The theory of local tissue control 
propounded by Lewis® would lead us to expect that the increased blood flow would 
wash out the “H substance” from the tissues, thus causing vasoconstriction and 
a return of the blood flow to the level present before the rise in arterial pressure. 
As far as we could determine, a sustained increase in blood flow was not followed 
by a tendency to vasoconstriction. At the end of a five-minute period in which 
the foot was emptied repeatedly, the blood flow into the empty foot remained at 
a high level. These observations were not entirely satisfactory and they should 
be repeated, using a mechanical device to empty the foot rhythmically. 

The increase in flow at a temperature of 32° C., produced by raising the 
arterial pressure, does not occur because the vessels are mechanically paralyzed 
by the high arterial pressure. If the foot is placed in colder water, the blood flow 
decreases. If it is warmed, the flow increases. It would appear that the ability 
of the vessels of the foot to alter their caliber in response to changes in tempera- 
ture is not altered. 


In a system of rigid tubes filled Avith a simple solution of constant viscosity, 
the flow varies directly with the pressure driving the fluid. If the pressure is 
doubled the flow is doubled. Blood is not a simple solution, and the effective 
viscosity may change with the velocity of flow.^ In our subjects the blood flow 
in the emptied foot was usually more than doubled when the mean pressure was 
doubled. Our methods of recording mean pressure and blood flow were too crude 
to alloAv us to be certain that this finding is significant. Green and collabora- 
tors,^ in a study of the relationship between arterial pressure and blood flow 
in the perfused skin and muscle of dogs, stated that during a constant state of 
\asornotor actu-it^'^ increments of blood flow per increment of perfusion pressure 
in skin, and often in muscle, increased regularly from zero upward when flow 
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was measured immediately after establishment of the perfusion pressure. Wilkins 
and Eichna® demonstrated a rise in blood flow in the vessels of the forearm and 
calf dilated by a five-minute period of arterial occlusion. They found e.qual in- 
crements of pressure to cause equal increments in blood flow. ‘ 

The demonstration that the blood flow increases as the arterial pressure rises 
is of interest- in relation to the hemodynamics of hypertension. In a previous 
study, ^ it was pointed out that in hypertension the blood flow in the foot with the 
vessels maximally dilated is not increased above that found in normal subjects 
under similar conditions. This was interpreted to mean that, in response to a 
stimulus for maximal vasodilatation, the vessels of the foot in patients with hyper- 
tension were incapable of dilating as fully as those of normal persons. If the 
hypertension were lowered by an acute infectious disease, the vessels might then 
respond differently and dilate as well as those of a normal subject. The assump- 
tion that hypertension would cause an abnormally high blood flow in the foot when 
the vessels are dilated by heat, if they could react as normal vessels, is supported 
by the observations recorded in this paper. 

The duration of the rapid blood flow produced by emptying the foot of blood 
while standing erect depends on the time that it takes to fill the foot. Once the 
foot is full, the increase in venous pressure balances the increase in arterial 
pressure. Maximum flow occurs when the vessels are fully dilated and the foot 
is empty. As it fills, peripheral resistance increases and the blood .flow dimin- 
ishes. When maximal dilatation was present, the period of time in which the 
blood flow was increased was short, rarely exceeding six to eight seconds. When 
vessels were not completely dilated, the duration of increased blood flow resulting 
from standing erect was longer and frequently exceeded fifteen to tAventy seconds. 

The increase in blood flowing to the empty foot when the patient is erect 
demonstrates the fundamental soundness of the exercises described by Buerger*® 
for increasing the blood flow in the feet in persons with occlusive vascular disease. 
The foot is raised above the level of the heart to empty it of blood. It is then 
placed below heart level and the increased arterial pressure head created by 
gravity is unopposed for a time because the veins are empty. The flow' in the 
foot is increased until the foot is filled. The disadvantages of these exercises 
lie in the fact that they can only be carried out for a relatively short time. The 
studies recorded in this paper suggest that a peripheral venous pump designed to 
empty the foot rhythmically Avhile the patient -was standing might be much more 
effective. The foot can be emptied in a few^ seconds without decreasing the flow- 
appreciably below that normally present when the patient is lying doAvn. During 
the next fifteen to forty-five seconds the foot AA^ould fill at a more rapid rate. 
Studies are now in progress to determine AA’-hether a peripheral A^enous pump 
has any clinical usefulness. 

SmilSIARY AND CONCLUSIONS 

1. A method is described for measuring the arterial blood Aoaa’ in the foot 
of the erect subject. This method primarily involves emptying the venous system 
of the foot by means of air pressure and recording the inflow^ of blood into the 
foot by means of a AA^ater plethysmograph. 
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2. Occlusion of the arterial inflow l.o the foot is folhnved by reactive hyper* 
emia, but in order to olHain maximum dilatation with the water temperature 
between 32° and 38° C., the period of arterial occlusion must be much longer than 
is necessary to dilate the vessels in the forearm. Immersing the foot in water at 
45° C. will cause complete vasodilatation. 

3. The blood flow in the emptied foot with the subject erect must be com- 
pared with the blood flow in the emptied foot with the subject supine. When 
the patient is supine, the blood flow into the emptied foot is approximately 35 
per cent faster than into the unemptied foot. 

4. The mean arterial pressure in the foot is approximately doubled by 
motionless standing. This increase in arterial pressure when the subject is 
erect causes the blood flow into the emptied foot when the patient is in the upright 
position to be approximately twice that present under similar conditions when the 
subject is supine. The blood flow in the emptied foot increases when the patient 
is erect, both when the %'essels are partly constricted by lowering the temperature 
and when they are completely dilated by heat. 

5. The pressure required to empty the foot of its venous blood when the 
subject is erect does not reduce the blood flow greatly Inflow that normally 
present when the subject is recumbent. 

6. Observations were made on three dilTerent days in one patient with 
vascular disease in whom popliteal, posterior tibial, and dorsalis pedis pulses 
were absent. He had undergone a left paravertebral sympathectomy. The 
blood flow at 40° C. was about three and one-half times greater in the erect than 
in the supine posture. 
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ELECTROCARDIOGRAM IN CHRONIC COR PULMONALE 

* 

. Rudolf Zuckermann, M.D., Enrique Cabrera C.; M.D., Bernardo L. 
Fishleder, M.D., AND Demetrio Sodi-Pallares, M.D. 

Mexico, D. F., Mexico 

S INCE the publication by one of us (D. S. P.) of a paper on chronic cor pul- 
monale, we have become increasingly interested in the electrocardiographic 
features of this condition. We are now convinced that the electrogram is a real 
aid in the diagnosis of chronic cor pulmonale, and that frequently a diagnosis 
of this condition can be made by the electrocardiogram before it can be made 
by clinical methods. 

In order tc gain a better knowledge of the electrocardiogiain in this con- 
dition, we have studied fifty cases of chronic cor pulmonale in which the^ diagnosis 
was confirmed by the clinical, x-ray, and electrocardiographic findings. 

standard leads and unipolar extremity leads 

P Wave . — In chronic cor pulmonale the P wave is usually higher than 
normal, particularly in Leads II and III (Table I, Figs. 1 and 2). In our series, 
the highest voltage was 3.7 mm. for P 2 and 3.0 mm. for P 3 . The voltage and 
width of Pi was not significantly altered. We believe that when the voltage of 
P 2 or P 3 is below 0.5 mm. the possibility of uncomplicated chronic cor pulmonale 
is practically excluded. Only one case in our series had such findings, and this 
case presented aortic atheroma as a complication. 

When the net area of P 3 is greater than that of P 1 , the mean manifest axis 
of P (Ap) will be to the right of -1-60°. Fig. 7 shows that all but eight cases had 
an Ap of -f60° or more, with an average of -+-69°. This figure would be increased 
to 71.6° had the case shown in Table I been excluded. In either event, the average 
is to the right of that found by Novelo- (-+-64°). In our series, the magnitude 
of Ap varies from 0.5 to 4.2 Ashman units, with an average of 2.36 units. We 
do not know the normal magnitude of Ap. 

The P in Lead Vp was positive in 97.9 per cent of the cases, diphasic in 
2.08 per cent (only one case), and negative in no case (Fig. 3). 

Our values for the voltage of P in Lead Vp are above the normal ones, if 

we calculate these values from the formula Vy = . A histo- 

3 

gram of the voltages of the P in Lead Vp is very similar to that of P 3 . We think 
that a small or absent P in the Vp lead can exclude the possibility of chronic 
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AMPLITUDE 



I'lp. 1. 




Fig. 3. 


3.— Amplitude and width of the P wave in Leads II, III, and Vr. The P wave is 

npLTn tT\ M. i« 30 per cent in Load III, and in 40 per 

cent in Lead \ r. The width of P shows no signiheant changes. 
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cor pulmonale more readily than a high P in this lead can establish the diagnosis 
of such a condition, because some cases of congenital heart disease and rheumatic 
heart disease with tricuspid involvement can also present a high P in the Vi- 
lead. 

Table I. Amplitude and Width of the P Waves 




COR PULMONALE 

NORMAL* 



AMPLITUDE 

WIDTH 

AMPLITUDE 



(MM.) 

(sec.) 

(MM.) 

Pi 

Max. 

1.8 

0.12 

[ 

i 1.1 


Med. 

0.6 

0.06 

0.55 


Min. 

0 

i 0 

0 

P2 

Max. 

3.7 

0.12 

2.5 


Med. 

1.9 

0.09 

1.25 


Min. 

0.8 

0.04 

0.3 

P3 

Max. 

3.0 

i 

0.12 i 

2.0 


Med. 

1.4 

0.08 

0.8 


Min. 

0.5 

0.04 

-1.0 

PvF 

Max. 

2.13 


1.5t 


Med. 

1.0 


0.68 


Min. 

0.33 


-0.23 


One case complicated with aortic atheroma (Pj = 0 and Pj = —0.5 mm.). 
*According to Ashman and Hull.® 

Os "F O3 

tCalculated from formula Vp = 


In a previous paper the great frequency of a negative P in Lead Vr, was 
mentioned. In the present series (Table II), the P wave of Lead Vj, was negative 
in 54.4 per cent of the cases, diphasic with a preponderance of the negative phase 
in 13.1 per cent, isodiphasic in 8.7 per cent, isolectric in 6.5 per cent, and pre- 
dominantly positive in 17.2 per cent. The P in this lead is frequently negative; 
but, when this sign is found alone, it is of secondary importance. On the other 
hand, we must emphasize the infrequence (17.2 per cent) of a positive P in the 
Vi, lead in chronic cor pulmonale. 

According to the shape of the P wave, we divided them into two main 
groups: “gothic” form (58 per cent) where the apex of the P wave was pointed, 
and, the "romanesque” form (42 per cent) where the apex of the P wave was 
round. 

Auricular T Wave . — ^The auricular repolarization wave (T^) manifests itself 
as a slightly negative phase which follows the P wave. This wave is not easily 
detected because of its smallness or because it is superimposed on the QRS 
complex.- In certain abnormal conditions, the P-R segment can show a negative 
displacernent of 1 him. or more. This could be related to disturbances of auricu- 
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lar repolarization, because of its similarity to the experimental tracings obtained 
when the auricular muscle is injured. 


Table II. The P Wave in Lead Vi, 

Direction | 

! I 

j NUMHKR or CAsi:s j 

PER 

ce.vt 




25 ; 

.54,4: 

i 


T" 

5 

10.9 

\ 6/ .3 


+ 

1 i 

2.2J 

1 

1 


-1- 

t 

4 1 

J 

S 7i 



i 

i j 

{) 

i 

15 2 


0 

.1 

6 5i 



-h-f 

1 

2 2 

17.2 


-f" 

(Flat) 

7 

t 

15. Oj 


We use the terms “primary 'I'a” and “secondary T^,” after Wilson’s 
terminology, in cases where the ventricular T wave changes. This author calls 
the changes “primary” when they are due to abnormal ventricular repolariza- 
tion (myocardial damage) and “secondary” when they depend on a modification 
of the ventricular depolarization (ventricular liypertrophy and bundle branch 
block). We apply the term “secondary Ta” when a negative displacement of 
the P-R segment accompanies a P wave of high voltage (due to auricular hyper- 
trophy); the term “primary T^” is applied to a negative displacement of the 
P-R interval when it follows a notched P wave of normal or low voltage (due to 
auricular damage). In our series of cases (Fig. 4, and Table III), there was fre- 


Table III. Displacement of the P-R SECiuiNT (Auricular T Wave) 


— 



- 

NOR.MAL 

: COR PULMONALE 


(MM.) 

(mm.) 

i 

Min. 

0 1 

i 0 

Med. 

0.25 

0,5 

Max. 

0.5 ' 

1.2 


quently a negative displacement of the P-R segment in Leads II and III, wliich 
varied irom 0 to 1.2 mm., with an average of 0.5 millimeter. These figures are 
ove ose given for normal individuals; 0.25 mm., average, and 0.5 mm., 
maximum. It is probable that most of our cases e.xhibited “secondary 
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and few of them "primary Tj^,” since the abnormal P-R segment is usually 
associated with high voltage P waves. 



O n VO ON CM 

• • • • 

o o o 

Fig. 4. — P-R segment. The negative displacement of the P-R segment exhibits a "secondary'' auri- 
cular T wave, due to auricular hypertrophy. 


P-R Interval . — ^The P-R interval was normal in every case. Therefore, the 
possibility of some complication (digitalis action, rheumatic heart disease, vago- 
tonia, myocardial sclerosis, and so forth) must be investigated in patients with 
chronic cor pulmonale who show first degree A-V heart block. 

Q and S Waves . — ^The high incidence of an Si-Qs pattern and the rarity of 
a Qi-Ss pattern has been pointed out.^ This was confirmed in our series: Si 
was present in 96 per cent, and Qa, in 68 per cent of the cases (Fig. 5). One 
case showed a QrQ^-Qz pattern and eleven (22 per cent) cases showed an Si-So- 
Ss pattern. .Meek and Wilson® have emphasized the presence of an Si-Qa pat- 
tern in hearts with a cloclavise rotation about their anatomic axis. In our cases 
such a rotation was more frequent (62 per cent) than among normal persons 
(29 per cent) (Table IV). If we diagnose a backward position of the apex of 
the heart in those cases having an S1-S2-S3, as well as in those with Si-S 2 pattern, 
who present marked clockwise rotation, the percentage of such a rotation (29 
per cent) rises to 46 per cent, which is well above the figure among normal 
hearts. 
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R and S Wcues— The voltage of these waves is shown in Fig. 6. The average 
of the R wave (particularly Ri) was below normal (Table V). Si was greater 
and S3 less than normal. The combination Ri<R2<R3 was present in 62 per 
cent of the cases, and that of Si>S2>S3 was even more frequent (84 per cent). 
The association of both is considered abnormal by Holzmann-* (pathologic 
dextro-type). 


Table IV. Rotation of the Heart About the Longitudinal Axis 



NORMAL j 

! 

COR PULMONALE 


(per cent of cases) 

1 

(per cent of cases) 

Cloclavise 

29 

60 

Counterclockwise 

! 

2 

Without rotation 

55 

38 


Table V. Average Values of R and S in the Limb Leads 



normal* 

cor PULMONALE 


j (MM.) 

(MM.) 

R. 

1 

6.81 

1 

1.61 

Rs 

11.99 i 

4.14 

Ra 

8.5 i 

5.58 

Si I 

1.67 

3.71 

S2 ^ 

1.53 

i 2.12 

S3 

1.27 

1 0.68 


♦According to Kossmann and Johnston, >0 


RS-T Segme?it and T Wave . — ^The RS-T segment (particularly in Leads II, 
III, and Vy) frequently (66.6 per cent) showed a negative displacement; it was 
sometimes isolectric (27.8 per cent), and rarely positive (5.53 per cent). One- 
half of the cases with negative displacement showed a “staircase” shape (the 
RS-T segment parallel to the isolectric line, but below it) ; the other half showed 
a downward slope of the RS-T segment, with a T wave which was either 
negative or diphasic. Negative (16 per cent), diphasic (- -f) (48 per 
rent), and flat (18 per cent) T waves were mainly found in Leads III and Yy. 
e wave was positive m these leads only in a few cases (18 per cent) (Table VI), 
e emp asize that a diphasic T 3 of the — }- type was more often seen than a 
ega ive 3, which is usually considered one of the principal characteristics of 
cor pu monale. We do not know whether this diphasic T3 was due to 
Thp icuar ypertrophy, myocardial damage, or position of the heart, 

ence o a negative T wave in Leads III and Vy in normal vertical hearts 



















ZUCKERMANN ET AL. : . ECG IN CHRONIC COR PULMONALE 


427 


with a forward position of the apex and clockwise rotation about their anatomic 
axis has been recently mentioned by Goldberger,® 

Another QRS-T pattern was seen in Lead III with some frequency, but can- 
not be considered as pathognomonic of chronic cor pulmonale. It consisted of 

i I , 



Fig. 5. 
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Fig. 6. 


Fig. 5. — Q and S -waves in the limb leads. Presence of Sj in 96 per cent and of Qs in GS per cent of 
the cases. Absence of Qi in 88 per cent and of S 3 in 72 per cent of the cases. 

Fig. 6 . — Amplitude of the R and S waves in the limb leads. Notice the small voltage of Rj and Sj 
in comparison with the high voltage of Si and R 3 . For average values, sec Table V. 


428 


AMERICAN HEART JOURNAL 


(a) a small Q wave, (b) a high R wave (R 3 >R 2 >Ri), (c) a small or absent S 
wave, and '(d) a "staircase” RS-T segment. 

Table VI. Direction op RS-T Segment and T Wave 



Mean Manifest Axis of QRS (Acjug). — In our cases, Aq^s lay on Bayley’s 
Sextants 2, 3, 4, and 5, and every case except two fell between +90° and —90° 
(Fig. 7): the same distribution was found in a previous study of right ventricular 
hypertrophy.® We do not remember a case of pure chronic cor pulmonale (not 
complicated by cor aortale) which had its Aqns on Sextants 1 or 6. 



falls be^U\^en'+ oo™and average of 7i.6°. Aqrs 

between + go- and - SO” o’ls °‘ Sextants 1,2,5. and 6 

for Sextants 2 , 4 , and 5. ' ^ system of Bayley with a certain predilection 
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Chronic cor pulmonale probably reduces the projection of the spatial vector 
SAquh upon the frontal plane, as compared with normah cases (Table VII). 
Forty per cent of our cases had a magnitude of Aq^s below the lower normal 
value, and none exceeded the upper normal. 


Table VII. Magnitude of Aqua and G 


1 

[ 

j Aqns 

1 

1 


1 . 1 

NORMAL* 1 

1 

i C.C.P. 

i 

NORMAL* 

1 

C.C.P, 

Min. 

3.5 

1.0 

2.5 

] 

0.6 

Med. 

6.3 

4.46 

13.0 

4.53 

Max. 

12.0 

9.0 

1 

23.0 

1 

12.5 


*According to Ashman and Hull.® 


Mean Manifest Axis of T {At ). — These lay on Sextants 1, 2, 5, and 6, be- 
tween +90° and —90° (Fig, 1) (a fact which makes obvious their opposition 
to Aqrs). This finding suggests "secondary” changes of T. 

Ventricular Gradient (G). — ^The position of G varied greatly. It was dis- 
tributed all over the system of Bayley, with a certain predilection for Sextants 
2, 4, and 5 (Fig. 7). The mean magnitude of G was below normal values (Table 
VII). We do not know whether this was due to a peculiar position of the spatial 
vector SG or to an actual shortening of it. 

The White-Bock Index: {Ui-V Df) - {Di + Uz ) . — ^This index gave normal 
figures in every case except three whose indices were below normal values (-16, 
— 18, and —20 millimeters). Still, there was a preponderance of negative figures 

(Fig:. 8). 

Electrical Position of the Heart . — We divided our cases in two groups, ac- 
cording to Goldberger and Schwartz’s classification®; vertical hearts (88 per 
cent), and horizontal 'hearts (2 per cent); in 10 per cent of the cases the electrical 
position could not be determined. 

We shall only describe the vertical group, which vms divided into three 
subgroups : (a) apex forward (twenty-nine cases) ; (b) apex backward (six cases) ; 
and (c) apex intermediate (nine cases). 

Subgroup a showed a minimal dispersion of Aqhs and a maximal dispersion 
of A^. Subgroup h showed a maximal dispersion of Aqbs and a minimal dis- 
persion of At. Subgroup c, with an intermediate anatomic position, showed 
intermediate grades of dispersion of Aqbb and Ap (Fig.9). These characteristics 
were probably due to a spatial relation among SAq^s. SAt, and SH, as well as 
to the spatial relations between the frontal plane and the first two vectors (see 
Discussion). 
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■“/apex j^opward ^A.iyapcx bacKward '/apex inl-ermecliatc 

. •'t.'ir.i- 

Fig. 9. — Relation between Aqbs and At in vertical hearts, a. Apex fon\'ard: minimal 
dispersion of A<jas and maximal dispersion of At. b. Apex backward: maximal ^isperSidn ^of 
Aqbs and minimal of At. c. Apex intermediate, intermediate grades of dispersion of Aqbs and At* 
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Subgroup a. presented endocardial pattern which appeared frequently 
in Lead and always in Lead V^; this is in accordance with Goldberger’s find- 
ings.® Against Goldberger’s expectations, only one case in subgroup b showed 
posterior epicardial pattern of the QR type in Leads Vr and Vi,. A great number 
of cases in subgroup c showed a ventricular complex of the qR type in Lead Vr. 
This qR complex must probably be considered the result of a semidirect lead 
from the right auricle in cases of right ventricular hypertrophy, and not Gold- 
berger’s left ventricular epicardial pattern. 

PRECORDIAL LEADS 

P Wave , — A diphasic P wave was usually seen in Leads Vi through Vg, but 
was rare in Leads V 4 through V e (Table VIII). According to the form of this 

diphasic wave we speak of P waves of the -, +-1 — , or -1 type, mentioned 

in order of their frequency. There were some negative P waves in the right pre- 
cordial leads, but they were never found beyond the V 3 position. The negative 
P waves described by some authors" as being present all over the precordium 
are probably due to the use of the left leg as an “indifferent” electrode (high P 
in Lead Vr). As a whole, the changes of the precordial P waves are less signifi- 
cant than those of the standard and unipolar extremity leads. 

R and S Waves . — The average voltage of R in Leads V 2 through V e was low, 
and that of S was high in Leads V3 'through Vg (Table IX, and Fig. 10). The 
average voltage of R + S was normal in cases of chronic cor pulmonale; this 
suggests a change in the position of the heart rather than an extracardiac factor 
(pulmonary emphysema) as a cause for the low voltage of R. 


Table VIII. Precordial P Waves 



+ : 

+ + 

+ 

FLAT 

+ 

1 

BIFID 

FLAT 

FLAT AND 
NOTCHED 

Vi 

8 

7 

16 

0 

6 

8 

3 

0 

Vo 

11 

6 

17 

0 

3 

7 

5 

0 

• V3 

21 

i 

i 0 

i 

7 

1 

1 

8 

3 

w 

20 

0 

1 

13 

I 1 

0 

7 

8 

V5 

17 

0 

0 

18 

[ 1 

1 0 

1 1 

! 

Vc 

15 

0 

0 

22 

1 

0 

0 

11 


T Wave . — A negative T wave was found in 59 per cent of cases in Lead V 1, 
and in 46 per cent in Leads V 1 and V 2. The T wave was usually positive in Leads 
V3 through V 6 (Table X). A negative T wave in a precordial lead was always 
accompanied by negative T waves in the preceding precordial leads. The in- 
trinsic deflection of Leads V 1 and Vo was delayed in only 30 per cent of cases with 
a negative T wave in such leads. 
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Table IX. R and S Waves in the Precoruial Leads . 
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The Intrinsic Deflection of Right Precordial Leads. — Its delay was less fre- 
quent (fourteen cases) than we should expect, a priori. Five of these fourteen 
cases had a complication that by itself could explain the delay of the intrinsic 
deflection. These complications were mitral stenosis, tricuspid insufficiency, 
mitral calcification, aortic aneurysm with compression of the pulmonary artery, 
and aneurysmal dilatation of the pulmonary artery. These delayed deflections 
were present very frequently in ventricular complexes of the qR type (76.9 per 
cent), even though a qR complex was rather rare in Leads Vx and V2. 


Table X. Precordial T Waves 



+ 

— 

+ 

flat 


9 

j 29 (59 per cent) 

3 

i 

8 

Ve 

16 (32 per cent) 

23 (46 per cent) 

4 

7 

Va 

24 (49 per cent) j 

13 (26.5 per cent) | 

1 

11 

V4 

28 (56 per cent) 

1 8 

i 

1 

13 

, 

26 (53 per cent) 

1 4 1 

1 (±) 

18 

Vc 

31 (62 per cent) 

1 

1 

1 

' 0 

IS 


Cor Puhnonale With Cor Aortale. — Rarely is there a small (less than 1.0 
mm.) or absent S wave in Leads V 5 or V e. Such a condition was found in twelve 
cases (24 per cent) and nine of them (75 per cent) showed the following 
complications of the “cor aortale” type: aortic sclerosis; cardiac sclerosis; coro- 
nary heart disease; chronic myocarditis; arteriosclerosis; essential hypertension; 
aortic atheroma; aortic sclerosis; and arterial hypertension. On the other hand, 
only 15.7 per cent of cases with an S wave of more than 1.0 mm. in Leads V5 
or Ve were complicated by “ cor aortale.” 

DISCUSSION 

Chronic cor pulmonale may give a large number of electrocardiographic 
changes in the limb as well as in the precordial leads. These changes are difficult 
to evaluate, so we shall discuss them separately first, and then consider the 
changes seen in chronic cor pulmonale as a whole. 

The right deviation and increase of Ap could readily be ascribed to right 
auricular hypertrophy, but the direction of Ap is evidently influenced by the 
position of the heart, and P can augment its voltage in a reversible, transitory 
way. We have already mentioned the difficulty in considering a prominent T^ 
as “primary” or “secondary” in origin. 

The changes of the precordial P waves are not necessarily due to auricular 
abnormalities. The descent of the diaphragm in an emphysematous patient 
lowers the heart and leaves the precordial positions Ci and C2 in a relatively 
higher position, thus producing a negativity in the final portion of .the P wave. 
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A right deviation of Aq^ is too readily ascribed to right ventricular hyper- 
trophy. We believe it is the result of clockwise rotation of the heart about SH, 
whether this is prpduced by right ventricular dilatation (which so often ac- 
companies right ventricular hypertrophy) or is merely the result of a vertical 
position of the heart. 

The smallness of Aqhs and G could be related to ventricular myocardial 
damage, but we must not forget the influence of the conducting medium (em- 
physematous lungs) and the even more important influence of a backward dis- 
placement of the heart’s apex, which makes SAgns lie perpendicular to the 
frontal plane. The smallness of R in the precordial leads is accompanied by nor- 
mal R -f S voltages, thus making it unsafe to use the term “low voltage” for 
the precordial leads. 

We must be cautious in our interpretation, even when we find a delayed 
intrinsic deflection. The difficulty in detecting the intrinsic deflection in the 
right precordial leads has been mentioned in a previous paper.® The normally 
delayed activation of the pulmonary conus could give a delayed intrinsic de- 
flection in Leads V i or V2 in certain cases in which the heart is ptosed or the 
pulmonary conus dilated. Under such circumstances, a delayed intrinsic de- 
flection could not be considered to be the direct result of right ventricular hyper- 
" trophy. We wish to emphasize that a delayed intrinsic deflection in chronic cor 
pulmonale may frequently be due to a complication affecting the right ventricle, 
as well as to the pulmonary condition. 

A negative T 3 could be due to myocardial damage, but we ha\'e to remember 
its presence in normal hearts, and the fact that this wave can be made negative 
by nothing more than lowering of the diaphragm (deep inspiratory movement). 
Right ventricular hypertrophy may produce a negative displacement of RS-Ti 
and RS-T 3, but such displacement, when slight, might be normal and possibly 
related to a vertical position of the heart. 

We believe that a negative T wave in the right precordial leads is largely 
due to the position of the heart and not entirely to right ventricular hypertrophy, 
because of the low incidence of a delayed intrinsic deflection accompanying 
such negative T waves. 

It is probable that the changes of R and S in the precordial leads are due to 
a clockwise rotation of the heart about SH, because (1) of the higher incidence 
of this type of rotation in chronic cor pulmonale (62 per cent against 29 per 
cent in normal hearts), and (2) of the frequent finding of transitional complexes 
which are shifted to the left and are found in Leads V & or Y c instead of in Lead 
V3 as is normal. 

In relation to the form of dispersion of Aqrs and Ax, let us remember that a 
backward situation of the apex makes SAqj,s lie roughly perpendicular to the 
rental plane, so a greater dispersion of Agng is to be expected. The inverse, 
re ation between the dispersion of Aqhs and that of Ax suggests that, at least 

m c ronic cor pulmonale, the corresponding spatial vectors are perpendicular to 
each other. 
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It follows from these considerations that the position of the heart greatly 
.. influences the shape of the electrocardiogram in chronic cor pulmonale. The po- 
sition which the heart assumes is determined originally by the pulmonary em- 
physema, and later, by the strain which the right cavities undergo. 

Pulmonary emphysema has several definite effects upon the heart : It causes 
the heart (1) to assume a vertical position, and (2) to descend as a result of the 
lowering of the diaphragm; (3) it produces clockwise rotation of the heart 
about SH, and (4) backward displacement of the apex; (5) it also produces 
disturbance in the transmission of the electrical potential of the heart. 

1. The vertical position of the heart produces a slight deviation of Aq^s 
and Ap to the right, with subsequent increase of the P wave in Leads II, III, 
and Vp, and causes the P wave of Lead Vi, to become negative. 

2. The descent of the heart, contributes to the appearance in the first two 
precordial leads of a negative T wave, a diphasic or negative P, and possibly a 
late Ra due to activation of the pulmonary conus. 

3. The clockwise rotation of the heart about SH produces a considerable 
deviation of Aq^s to the right with the appearance of an Si-Qs pattern, negative 
values of the White-Bock index, disappearance of S3, transitional shape of the 
ventricular complexes in V5 and Vc (with lowering of R and deepening of S), 
and negativity of T3 and the RS-T segments in Leads II, III, and Vp. 

4. The backward displacement of the heart’s apex gives diphasic complexes 
in the limb leads, and small Aq^s and G, and exaggerates any deviation of Aqrs 
which may exist. 

5. The disturbance in the transmission of the heart’s potential, due to the 
pulmonary condition, .might explain the smallness of Aq^s and G. 

Strain on the righP cavities exaggerates almost every change produced b}'' 
the position of the heart, and produces new modifications of its own. Hyper- 
trophy of the right cavities accentuates the right deviation of Ap and Aqhs, 
the voltage of P in Leads II, III, and Vp, as well as that of Si and Q3, the nega- 
tivity of P in Leads Vi, and in the precordial leads, the negative value of the 
White-Bock index, the smallness of R in V 6 and Y c, the depth of S in these 
leads, the negativity of T in Leads III, Vi and V2, and finally that of S-T in 
Leads II, III, and Vp. Strain of the right cavities by itself produces notching 
and slurring of P, possible widening of P, and delay of the intrinsic deflection. 

If the electrocardiogram shows only-^the signs of a change in position of the 
heart, it is unsafe to speak of cor pulmonale; even though the pulmonary em- 
physema has affected the heart to the extent that it has changed its position, 
it may not yet have produced heart disease! If the electrocardiogram shows 
the signs of strain upon the right cavities (whether these are functionally suf- 
ficient or insufficient), we can speak of cor pulmonale because there is then a 
relationship between pneumopathy and cardiopathy. 

Unfortunatel}'-, almost every change of the electrocardiogram of chronic 
cor pulmonale with only differences of grade can be produced by alteration of 
the position of the heart, as well as by the strain upon the right cavities. The 
final interpretation of the electrocardiographic findings rests upon the experience 
of the interpreter of the electrocardiogram. 





Tracing of a case of chronic cor pulmonale -with cor aortalo (arterial hypertension in this 
first is ^agnosed because of the P pulmonale (Loads II, III, and Vr), prominent auricular 
Precor^al R waves, and diphasic ST-T (Leads II, III, and Vp). The second Is strongly sug- 
by ^or aormie)'^^^"'^^ ^ Ve (75 per cent of our cases without S in Vs or Vt were complicated 
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. SUMMARY 

After the study of the electrocardiograms of fifty cases of chronic cor pul- 
monale, we consider that the principal diagnostic signs .(see Fig. 11) are: (1) 
high and peaked P waves with prominent auricular T waves in Leads II, III, 
and Vy; (2) negative P waves in Vj,; (3) right deviation and a decreased value 
of Aqhs; (4) a small ventricular gradient (frequently deviated); (5) signs of 
clockwise rotation of the heart (S1-Q3) and backward position of its apex (Si.Sa, 
and S3; Si and S2 with right deviation of Acng); (6) diphasic (of the — }- type) 
or negative T waves in Leads III, II, and Vj.; (7) small R waves in the pre- 
cordial leads; (8) deep S waves in the left precordial leads; (9) diphasic (of the 

-j type) or negative P waves in the right precordial leads; and (10) negative 

T waves in the right precordial leads. 

In the differential diagnosis, we emphasize that; 

(1) The delay of the intrinsic deflection in the right precordial leads is 
frequently attended (36 per cent) by a complication which gives rise to further 
strain on the right ventricle. 

(2) The absence or diminished amplitude of the S wave in the left pre- 
cordial leads is frequently attended (75 per cent) by a complication of the “cor 
aorlale'^ type (Fig. 12). 

(3) A QS complex, usually in the right precordial leads, a W-shaped com- 
plex, or a deep Q wave in these leads is a frequent .finding (36 per cent) in chronic 
cor pulmonale, without clinical signs suggestive of a myocardial infarct or a dead 
zone. 
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THE FAMILIAL INCIDENCE OF RHEUMATIC FEVER 


1. A Discussion of the Relationship Between a Positive Family 
History and the Development of Rheumatic Fever in 
Individuals of Military Age 


George C. Griffith, M.D., and Frederick]. Moore, M.D., PasadenA, 
’Calif., Sylvester McGinn, M.D., Boston, Mass., and 
Richard S. Cosby, M.D., Pasadena, Calif. 


I N THE etiology of rheumatic fever, two fundamental mechanisms have been 
thought to play a role: contagion and heredity. It can hardly be doubted, 
in the face of actual epidemics of rheumatic fever associated with hemolytic 
streptococcus infection, that contagion plays a part both as an inciting factor in 
the development of the “initial” attack of rheumatic fever and in the exacerba- 
tion of the disease process in recurrent rheumatic fever. The fairly factual data 
on the infectious origin of rheumatic fever- are not paralleled by similar material 
to support the role of heredity, although Wilson^ has attempted to place the 
role of hereditj'^ on a firm statistical basis. She has stated: “It would seem fair 
to conclude from the genetic analysis of our data that the susceptibility for rheu- 
matic fever is transmitted as a single autosomal recessive gene.”^’^'^^ In further 
consideration of the hereditary mechanism, attention must necessarily be placed 
on the unusual age distribution of the disease, particularlj^ its sparing of children in 
the early years of life. As Paul^' has stated, “the infant must grow up to become 
rheumatic.” Thus, if we are to accept the hereditarj^ mechanism as dominant, 
might we not believe that it is a “susceptibility” of some obscure type that is 
inherited, according to Wilson’s genetic hypothesis, and that the “growing up” 
phase represents the development of some sensitizing mechanism, that is, the 
development of hypersensitivity? Certain it is that most phenomena of the 
rheumatic state appear to have a basic allergic mechanism (Rich and Gregory® 
and Akiawa'*). Therefore, both Wilson and Paul have emphasized the need for 
further studies on the familial aspects of rheumatic fever. 


R^:suME of published data 

The problem of familial incidence in rheumatic fever, simply stated, is the 
problem of separating hereditary from contact factors. Each separately, or 
both operating simultaneously, may play a role either in favoring the initial attack 
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or in precipitating recurrent attacks. The role of heredity in rheumatic fever 
has been supported by the following studies and observations. 

1. The similarity in susceptibility to rheumatic fever of identical and 
fraternal twins, (Wilson,^ Irvihe-Jones,® and Kaufmann and Scheerer®). These 
analyses have been fairly uniform in showing that identical twins behave similarly 
genetically; that is, either both do contract rheumatic fever, or both do not. 
However, this is not always the case, as Paul^’^'®° has pointed out. 

2. Genetic analysis of rheumatic families in relation to Mendelian predic- 
tion rates in various types of gene transmission (Wilson and Schweitzer’'). 

Studies such as these form the basis for Wilson’s thesis of “autosomal reces- 
sive gene transmission” to which we have referred. From a critical analysis of 
these studies, Paul has concluded that “some inherited relationship exists between 
parental rheumatic fever and that of the siblings.”^’ More indirect evidence of 

the operation of heredity is obtained from Paul’s consideration of the age at which 
second members of a rheumatic family acquire their initial attack. This occurs 
most often at an older age than that of the first member and is difficult, actually, 
almost impossible, to explain on the basis of contagion alone. It may be more 
logically explained on the basis of a gradually developing susceptibility of post- 
streptococcal origin. 

The justification for the presentation of our data lies in the opportunity to 
inquire into the history of a large number of young adult rheuiv.atic fever patients 
who have been separated for a var^dng period of time from the family contact. 
The history of the individual foUoiving the break front family contact affords an im- 
portant method of separating hereditary influences from the factors of contagion. 

SOURCE OF MATERIAL 

It is the purpose of this communication to present observ'ations on the occur- 
rence of rheumatic fever, both initial and recurrent attacks, in relation to familial 
and postfamilial contacts. In contrast to the observations of W'ilson and of 
Paul, who studied children in a relatively small number of families, this study is 
concerned with young adults of military age from a large number of families 
distributed widely over the United States. As controls, a group of tuberculous 
patients, a group of healthy physicians, and a group of patients in a veterans' 
hospital were studied. 

Four separate series of patients form the basis for the present study. In 
each group, personal interviews were conducted by one of us, and information 
relative to previous rheumatic fever and family history tabulated. The com- 
position of the four groups was as follows: 

Group 1; 3,594 patients with rheumatic fever, who were interviewed over 

a period of twenty months in 1944 and 1945, in a naval hospital devoted almost 
entirely to the treatment of this disease. 

Control Group 2: 519 patients of military age with tuberculosis who were 

seen in the same naval hospital. 

Control Group 3; 254 healthy’’ phy’sicians who were working in a large 

general civilian hospital. 
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Control Group 4: 624 patients on the general, medical, and surgical wards 
of a veterans’ hospital. 

Groups 1 and 2 consisted of enlisted and officer personnel sent to the naval 
hospital for treatment. They were representative individuals from installa- 
tions and ships of the United States Navy throughout the world. 


RESULTS OF STUDY 

The results of our observations are summarized in Tables I and II. 

Table I. Comparison of Familial Incidence in the Rheumatic Fever 
Group With Control Groups 



NUMBER ! 

1 

PER CENT 

Group 1 Rheumatic Fever Patients 

Total 3,594 




(a) Total patients with “initial" attack during military service 



(and therefore after separation from family) 

(b) Total patients with “recurrent” attack during military service 

2.819 

78.4 

(initial attack occurred at home) 

(c) Total patients with “initial” attack in service; family history 

775 

i 

21.6 

positive 

238 

6.3 

(d) Total patients with “recurrent” attack in service; family history 


of total 

positive 

(e) Total patients with “initial” and “recurrent” attacks in service, 

354 

9.8 

of total 

family history positive; (c) plus (d) 

(f) Percentage of patients with “initial” attacks (2,819) with family 
history positive (238); (c) divided by (a) 

(g) Percentage of patients with “recurrent” attacks (775); with 
family history positive (354) ; (d) divided by (6) 

592 

16.4 
cf total 

8.4 

45.6 


Control Group 2 Tuberculous Patients Total 519 


(a) Total patients with history of previous rheumatic fever 

(b) Total patients with rheumatic fever before break from family ' 

(c) Total patients with positive history of rheumatic fever in family 


21 

9 

9 


4.0 

1.7 

1.7 


Control Group 3 Healthy Physicia7is Total 254 


(a) 

(b) 


(c) 


Total physicians wjth history of previous rheumatic fever 
Total physicians who had rheumatic fever before break from 
family 

total physicians with positive history of rheumatic fever in 
family' 


15 

8 

8 


5.9 

3.5 

3.5 


Control Group 4 General Patients in a Veterans Hospital Total 624 


Total general patients who had had Rh. F. 

general patients who had Rh. F. before break from family! 
ic) i otal general patients with positive history of Rh. F. in familv* 


40 

6.4 

23 

3.7 

15 ! 

2.4 
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Tadi.i; IL Tiik I*'amilial Inxidencu of Rheumatic Fever in the Four Groups \\'hen 

Familial Contact Is Consideseied Alone 



number 

PER CENT 

1 

Group 1 

Incidence of family history in patients with “initial” attacks of 
rheumatic fever; that is, while still in contact with the family 


45.6 

Total rheumatic fever patients ("initial” attack at home) 1 

775 


Total family history positive 1 

354 


Control Group 2 

Incidence of familial history in tuberculous patients who had 
had rheumatic fever while still in contact with family 1 


42.9 

Total tuberculous patients with rheumatic fever 

21 


Total with family history positive 

9 


Control Group 3 

Incidence of familial history in physicians who had had rheu- 
matic fever while still in contact with famib' 


53 3 

Total physicians with rheumatic fever 

15 


Total with family history positive 

8 

1 

Control Group 4 

Incidence of familial history in general patients in a veterans 
hospital who had had rheumatic fever while still in contact with 
family 


1 

1 

37.0 

Total veterans’ hospital patients with rheumatic fever 

40 


Total with family history positive 

15 


Average familial incidence for all groups 


1 44.7 


Comment'. (1) In Group 1, Table I, 16.4 per cent of all patients with 
rheumatic fever had a positive family background; 45.6 per cent of rheumatic 
fever patients with “recurrent” attacks had a positive family background. In 
the three control groups, patients with tuberculosis, healthy physicians, and pa- 
tients in a general veterans hospital, the incidence of a positive family history of 
rheumatic fever was 1.7 per cent, 3.5 per cent, and 2.4 per cent, respectively. 
These figures are not, to our knowledge, unlike those in previously published re- 
ports, and call attention again to the definite importance of the family in the 
etiology of rheumatic fever. 

(2) Of the rheumatic fever patients who developed an “initial” attack 
after separation from the family, 8.4 per cent had a positive family background, 
while 91.6 per cent of these patients had no knowledge of any occurrence of the 
disease within the family. It would appear that the actual attack rate, as ex- 
emplified in this large group of military personnel separated from familial contact, 
was determined by external factors, such as environment and infection, rather 
than by hereditary or familial factors. 

(3) Table II illustrates the familial incidence in those patients who had had 
rheumatic fever while still in contact with family. In these groups, the incidence 
of a positive family history (44.7 per cent, average) is considerably higher than 
the incidence (16.4 per cent, average) in the rheumatic patients of Group 1. 
This high incidence shows the importance of a factor or factors which increase 
the tendency to develop rheumatic fever while in the home. It should be noted 
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that these similarlj^ high percentages were obtained random sampling of widely 
separated and dissimilar control groups. It is of great importance to note that 
none of the patients in Control Groups 2 and 3 who had rheumatic fever at home 
developed later attacks. It may be assumed that the high percentage of familial 
incidence in those patients who developed the rheumatic state while in contact 
with the family was due to contact in the home, in the same way that the high 
percentage of patients who developed rheumatic fever without a famih' history 
was due to contact with an inciting agent in the crowded quarters of the barracks. 

It is certainly not within the scope of this paper to enlarge upon the nature 
or modus operand! of the infectious agent or to elaborate upon the possibility of 
a sensitization mechanism. We believe, however, that attention should be 
called to the disparity between the low familial incidence in ‘‘initial” attacks 
(Table I, Group 1) occurring after separation from the family (6.3 per cent) and 
the high familial incidence in those groups (Table II) who developed the “initial” 
attack while in contact with the family (44.7 per cent, average for the four groups). 

In the military service the vast majority of cases of rheumatic fever de- 
veloped in the training camps, where crowding in barracks permitted epidemics 
of hemolytic streptococcus infection to occur. Undoubtedly such epidemics 
occurred from contact. Is it possible that those patients who developed rheu- 
matic fever prior to military service might have done so from contact with the 
streptococcus in the home? One may, therefore, raise the question whether the 
family carries a significantly larger place in the etiology of rheumatic fever than 
a source of contact. Is the family different from the barracks or a training center 
as a locus for contact with the inciting infectious agent? The further study of 
the 78.4 per cent of patients in Group 1 who developed rheumatic fever after 
separation from the family will help to answer the problem of hereditary suscepti- 
bility versus poststreptococcal sensitivity as the cause of recurrent attacks. 

CONCLUSION 

1. Four groups of y’^oung adults have been interviewed. One group of 
rheumatic fever patients (3,594) and three groups of nonrheumatic individuals 
(1,397), serving as controls, formed the basis of the study, 

2. Group 1 shows that appro.ximately 78 per cent of the patients with 
“initial” rheumatic fever developed the disease after separation from the family. 
We raise the question whether this indicates some agent outside of the family 
as the chief factor operative in the etiology of rheumatic fever. 

3. The tuberculous patients and healthy physicians who had “initial” 
attacks of rheumatic fever while at home did not develop secondary^ attacks after 
separation from the family. 

4. It is noted in Groups 2, 3, and 4, the controls, that the individuals 
who developed rheumatic fever prior to separation from the family showed a 
similar family incidence, and that this incidence does not differ greatly'^ from that 
found in the’rheumatic patients studied. 

5. The high familial incidence of rheumatic fever, averaging 44.7 per cent 
in those who developed the disease while still at home, seems to indicate that 
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, there is some factor within the family. Is this factor a hereditary susceptibility 
or contact with the inciting agent -in the home? 

6 . The great need for further data on the subject of heredity versus environ- 
ment is evident. 
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THE FAMILIAL INCIDENCE OF RHEUMATIC FEVER 


11. A Statistical Study of the Familial and Personal 
History of Rheumatic Fever 


George C. Griffith, M.D., and Frederick J. Moore, M.D., Pasadena, 
Calif., Sylvester McGinn, M.D., Boston, Mass., and 
Richard S. Cosby, M.D., Pasadena, Calif. 

A POSITIVE familial histor>' of rheumatic fever could be of importance 
in determining the risk of an individual developing tlie disease in several 
conceivable ways; first, because it might indicate a fundamental and inherited 
familial susceptibility; second, because it might indicate some social, economic, 
or climatic environment which predisposes to rheumatic fever and is shared by 
the family; or, third, it could influence the risk because a prerequisite to rheu- 
matic fever might be an infection which is transmitted by contact. Il would 
seem justifiable to assume that any fundamental a7id inherited susceptibility which 
increases the risk of developing the disease by an individual should do so not only 
while the individual remains at hojne, but also after he has left the family environ- 
ment. In order to learn whether ot not this is true, we have made a study of the 
familial history in patients who did or did not develop rheumatic fever while 
still in contact with the family or after they had left their homes. The study 
also included an inquiry into the question of whether or not a positive personal 
history of the disease while still at home tended to predispose the individual to 
a later attack after leaving home. 

method of analysis 

The material studied in Part II is identical with that considered in Part I 
of this paper, but the material is handled on a contingency basis ratlier than by 
the comparative and descriptive method which was used in Part 1. The chi- 
sqtiare test of significance was used throughout Part II . 

Two populations were sampled; (A) individuals who developed rheumatic 
fever in the Army or Navy, most of whom were under treatment at the Corona 
Naval Hospital when investigated; and (B) individuals who did not develop 
rheumatic fever after separation from the family, these being (1) individuals 
under treatment for tuberculosis at the Corona Naval Hospital, (2) intern and 
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resident physicians of a large civilian hospital, and (3) Army personnel on the 
medical and surgical wards of the Birmingham General Hospital. The total 
number of individuals studied was 4,991 . Table I shows the number of individuals 
in each of the foregoing groups: 


Table I. Number of Patients Studied in the Various Groups 


] 

total 

Group A 
Group B 

Developed rheumatic fever after leaving home 

Did not develop rheumatic fever after leaving home 

(1) Tuberculous cases at Corona Naval Hospital 

(2) Medical and surgical patients at Birmingham General Hospital 

(3) Intern and resident physicians at a civilian hospital 

3,611 

519 

607 

254 


The question arose as to whether these individuals were likely to have been 
equally well informed concerning the occurrence of rheumatic fever in members 
of their families. It was suspected that individuals who had not had the disease 
themselves might be relatively uninformed in this respect in comparison with 
those who had developed the disease, unless the individual was himself a physician. 
On review of the data, this was found to be the case; nonmedical subjects who had 
never had the disease reported a significantly lower familial incidence than did 
physicians who had never had rheumatic fever. It was, therefore, necessary to 
exclude from this analysis of the effects of familial rheumatic fever all of those 
individuals who had not had the disease themselves and were not themselves 
physicians, the number of cases so excluded on the basis of inadequate informa- 
tion being 1,082. With respect to the influence of one attack of the disease upon 
the development of later attacks after leaving home, there was no reason to 
suppose that the knowledge of an earlier attack was less accurate in those who did 
not develop a later attack or more accurate in those who did; all 4,991 cases, 
therefore, were used in this analysis. 


FINDINGS 

In the "informed groups,” as just defined, a study was made of the rela- 
tionship between a positive family histoiy^ of rheumatic fever and personal de- 
velopment of the disease while still in contact with the family. The results, in 
the form of a contingency table, are shown in Table IT. 


Table II. Relationship Between Family History and Personal 
Attack Before Leaving Family 



PERSON.AL HISTORY BEFORE SEPAR.A.TION FROM FAMILY 

FAMILY history 

POSITIVE 

• NEGATIVE 

Positive ' 

369 

258 

Negative 

55! 

2.7.3! 
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These results could not possibly have been due solely to chance; there is, 
therefore, a definite tendency for the individual with a positive family history to 
develop the disease while still in contact with his family. 

A study was made of the relationship between a positive family history and 
the personal development of the disease in the individual after separation from 
his family. The results, in the form of a contingency table, are shown in Table III . 


Table III. Relationship Between Family History and Personal 
Attack After Leaving Family 


1 

PERSONAL HISTORY AFTER SEPARATION FROM FAMILY 

FAMILY HISTORY 

1 

POSITIVE 

NEGATIVE 

Positive 

582 

45 

Negative 

3,029 

253 


These results could easily have been due solely to chance; there is, therefore, 
no relationship between family history and the personal development of the 
disease after separation from the family. This same conclusion is reached when 
the cases are separately studied according to their own past personal histories. 

From Tables II and III it is concluded that a positive family history is 
important only as long as the individual remains in contact with the family, 
and that a positive family history has no influence upon the risk of developing 
the disease after the individual leaves home. 

It is now possible to study the role of a past personal history upon the 
risk of developing rheumatic fever without regard to family history. The reason 
for excluding the relatively “uninformed group” from such a study is now no 
longer present, since those who compose that group are presumed to be unin- 
formed only in respect to the family history. 

Table IV, therefore, includes all subjects studied and shows the relationship 
between personal past history of rheumatic fever and the later development of the 
disease. 


Table IV. Relationship Between Personal Past History of Rheumatic 
Fever and the Later Development of the Disease 


PAST HISTORY OF RHEUMATIC FEVER 

■ LATER DEVELOPMENT OF RHEUMATIC FEVER 

1 

YES 

NO 

Positive 

Negative 

861 

2,750 

59 

1,321- 
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This result could not have been due solely to chance; it is, therefore, clear 
that a positive personal history does tend to influence the later development of 
the disease. 

Further stu.dy indicated that there was no significant difference in the 
incidence of a positive personal history between the three control groups com- 
posed of cases who did not develop rheumatic fever after separation from home; 
of the total 1,380 control cases, 2.9 per cent had a positive personal history. 
These data emphasize again the high frequency of rheumatic fever in the popula- 
tion, for nearly one in thirty-five of the young adults in the control groups had had 
this disease earlier in life. 


SUMMARY 

1. Three'per cent of those making up the normal control groups had a per- 
sonal histor}^ of rheumatic fever earlier in life. 

2. An attack of rheumatic fever earlier in life tends to facilitate a later 
attack, but this difference is not great. 

3. The occurrence of rheumatic fever in the family increases the risk of the 
individual developing the disease while still in contact with the family, but 
not after he is separated from the family. There does not, therefore, appear to 
be a strong and inherited susceptibility. The occurrence of multiple cases in 
families could be explained either on the basis of common environment or con- 
tagion. In the light of the widely accepted relationship of streptococcal infection 
to rheumatic fever, and the lack of agreement concerning the roles of social, 
economic, and geographic factors, we prefer to look on these data as indicating the 
dominant role of contagion in the development of rheumatic fever. 



DIFFERENT MECHANISMS OF FUSION BEATS 


M. R. Malinow, M.D.,* and R. Langendorf, M.D. 

Chicago, III, 

T he effect on the electrocardiogram of the simultaneous stimulation of a 
cardiac chamber by two impulses has been observed under various circum- 
stances, and its e.xperimental production has been used to clarify some of the 
fundamental problems of electrocardiography. Lewis and associates* arrived 
at an estimate of the duration of the impulse spread from the S-A node to the 
A-V node from the P-R interval of the beats with “transitional” auricular com- 
plexes, in a case in which the two pacemakers were competing. Wilson and 
Herrmann- in their experimental study of incomplete bundle branch block 
produced “combination complexes” by varying time relations of the normal 
levocardiogram and dextrocardiogram ; their experiments led to the important 
conclusion that a delay in the passage of the impulse through one of the bundle 
divisions which amounts to more than three or four hundredths of a second (in 
the dog) will produce the same results in the electrocardiogram as complete 
division of one bundle branch. Furthermore, they observed the occurrence of a 
number of varying ventricular comple.xes after cutting both bundle branches, 
and attributed this phenomenon to the simultaneous activity of two ventricular 
pacemakers; they concluded that complete bundle branch block in man, associ- 
ated with ventricular complexes of varying form, was usually due to bilateral 
bundle branch block, and was not due to a lesion of the main stem of the A-V 
bundle. This was later confirmed in an autopsied case reported by Don, Grant, 
and Camp.^ Recently, Butterworth and Poindexter,^’® by using an abnormal 
electric conducting pathway in the dog and in the cat, produced electrocardio- 
grams closely resembling those seen in patients with the Wolff-Parkinson-White 
syndrome: they concluded that the abnormal ventricular complexes were “fusion 
beats”®’' due to the fusion within the ventricles of the sinus impulse conducted 
both via the usual pathway and via a faster conducting accessory pathway. It 
lias been recognized that several mechanisms can cause fusion beats. The 
material presented in this paper was collected in order to illustrate the various 
mechanisms responsible for fusion beats as they are encountered in clinical electro- 
cardiography. 


Krotu tlu' CariUo vascular Doparimcnt of Mlcbaol Keeso Hospital, Chicago. 

.\ldoit by tlio Hi'rhort O. Mayer Fund for Cardiovascular Research. 

'riu* department Ls supported In part by the Michael Reese Research Foundation. 
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Presented at the Inter-American Congress of Cardiology, Mexico D. F., Oct. 5-12, 191t5. 
•Harry S. Or.adle Fellow, from Iluenos .Vires, Argentina. 
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Impulse of a Reciprocal beats of A-V nodal or idioventricular 

single origin origin (Fig. 2) fOf sinus origin when QRS is less than 0.12 

Fusion in the ’ second. Wider QRS may also indicate 

ventricles (Wolff-Parlcinson-White syndrome fusion (Fig. 7) 

In auricular fibrillation (Fig. 5, C) 
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VARIETIES OF FUSION BEATS 

A classification of fusion beats is presented in Table I. I'usion beats can be 
classified according to tivo criteria: (a) the origin of (he fusing impulses, and 
(b) the site of the fusion. Since the fusing impulses can be of either different or 
identical origin, and since fusion which is reflected in the electrocardiogram can 
take place either in the auricle,s or in the ventricles, four different t> pe.s of fusion 
beats can be distinguished. 



I’ig. 1. Three examples of auricular fusion bears. ./V, Fusion of lUi* rolrogratlc impulse of a ven- 
tricular premature systole with the sinus impul.se (F). After the .second ventricular premature systole, 
no sinus P wave is inscribed nor i.s tliero any retrograde P. B. DifTerent degrees of fusion (F) between 
the retrograde impulse of nodal premature systoles and sinus impulse,s. The P waves show tran-sition 
from the deeply inverted retrograde P (first beat) to the tall upright sinu.s P wave. The shortened 
P-R of the premature beats and the fixed coupling speak for this interprmatioii and tend to rule out the 
occurrence of multiple auricular premature systoles from diflerent foci. C, Fusion of the retrograde 
impulse of au idioventricular beat with the sinus P in a case of complete A-V block with preserved 
retrograde conduction. The P waves following the third and fourth idioretUricular QRS have an 
lictwcen the retrograde and the sinus P. and they occur at a time when both the 
sinus 1 and the retrograde P can be expected. * 

^fclianism in each case of this and subsequent figures is illustrated In the diagram below the 
hefwppn conventions are those used customarily. S-A indicates the impulse spread 

juncUon auricles. A-V represents the spread of the Impulse through the A-V 

Ectonir irnn,,! ventricle (10. Sinus impulses are indicated by solid lines, 

by varvintr ttip ^p ,pi a. fusion beat. Variations in its location are represented 

short lines at riptw n^i ^ vertical lines meet. Block and interference are indicated by 

snort lines at right angles to the lines representing the impulse spread. 
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(A) Fusion of Imptdses of Different Origin.— 

(1) Auricular Fusion Beats'. Such fusion beats are due to the sinus im- 
pulse fusing with the retrograde impulse of an A-V nodal or idioventricular beat ; 
the latter maj^ be either a premature systole (Figs. 1, A and B, and 2) or an 
escape occurring during the ventricular pause caused by marked sinus brady- 
cardia, S-A block (Fig. 3), or A-V block (Fig. 1,C). It is rare to find auricular 
fusion beats resulting from the fusion of the sinus impulse with that of an auricular 
premature systole® or from fusion of two auricular premature sj^stoles. 



Fig. 2. — Two portions of the same record (Lead II) showing auricular and ventricular fusion beats 
in a case of ventricular paro-vysmal tachycardia with retrograde conduction, retrograde block e.vhibiting 
the Wenckebach phenomenon, and reciprocal beats. Tiiree types of P waves are seen: (a) upright 
sinus P waves, -(b) deeply inviirted (retrograde) P waves, and (c) a fusion P wave (AF) with an inter- 
mediate contour between (a) and (b), and occurring at the time when a sinus P wave was expected. 
Note that in the second strip only one sinus P is seen, due to the fact that the sinus rate is slower than 
in the first strip and most retrograde impulses reach and discharge the sinus pacemaker. 

In addition, three types of ventricular complc.xes are seen: (a) A broad, notched QRS of idioven- 
tricular origin occurring at a rate of about 120 per minute and with slightly varying contour due to the 
superimposition of sinus P waves, (b) One boat has a normal QRS duration preceded by a retrograde 
P and representing a reciprocal beat {JIB}. (The forward conduction of this beat and of a later such 
beat is represented by solid lines.) (c) Two ventricular complexes show intermediate contour between 
(a) and (b). The first one {VFi) is the result of fusion of impulses from the sinus and from the idio- 
ventricular pacemakers. The second one (VF*) results from the fusion of two impulses of identical 
origin: the reciprocal impulse invades the ventricle simultaneously with tlie next idioventricular im- 
pulse. Note that this latter follows an auricular fusion beat, thus suggesting that re-entry occurs 
below the auricles. 

The preceding explanation wasarrived at and is substantiated by the analysis of se%’eral long strips 
obtained on the same patient. 

Conventions as in Fig. l . 
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(2) Veniricnlat Fusion Beats'. Such fusion beats result from fusion of a 
supraventricular impulse with a ventricular premature systole or a ventricular 
escape; the supraventricular impulse may be sinus (Figs. 2, 4, and 5, B), auricular, 
or A-V nodal in origin, or it may be the impulse of auricular fibrillation (Fig. 
5A) or auricular flutter. Fusion beats with varying time relations between the 
supraventricular impulse and the premature impulse of a single ectopic focus 



Fig. 4. — Leads II and CFa of the same patient showing fusion (F) of sinus impulses and late ven- 
tricular premature systoles in a case of parasystole. The difference in contour of the several ventricular 
fusion beats indicates variations in the fusion. It is apparent that the closer the P-R approaches the 
sinus P-R, the larger is the share of the ventricles controlled by the sinus impulse, as evidenced by its 
greater approximation to the sinus contour. 

Conventions as in Fig. 1. 

may lead to the erroneous diagnosis of premature systoles from multiple foci 
if the mechanism of fusion is not recognized; this is especially likely to occur in 
cases with auricular fibrillation (Fig. 5, A). In cases of A-V dissociation and 
aberrant conduction of the nodal beats, ventricular complexes can be found 
intermediate in contour between that of the sinus and nodal beats which occur 
at a time when fusion of the two impulses is to be expected. In cases of Wolff- 
Parkinson- White syndrome presenting A-V nodal escapes, supraventricular im- 
pulses conducted via the accessory pathway may fuse with the nodal impulses 
conducted via bundle of His and give rise to a transitional form of the ventricular 
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complex (Fig. 7) (Rosenbaum and associates,'-* and OhnelF®). This is true both 
for cases with sinus rhythm and for those with auricular fibrillation; it could 
also occur in the presence of nodal premature systoles. Finally, ventricular 
fusion beats occur as a result of simultaneous stimulation by two idioventricular 
impulses, as seen in cases of comjilete A-V block with two competing idioven- 
tricular pacemakers (Fig. 6). Similar fusion may occur in the presence of ven- 
tricular premature systoles from multiple foci; however, its recognition is difficult 
unless both are parasystolic in origin. 



Kig. 5. — A. Ve.iilricular fustoii bt>.at in a casi? of auricular fiorillation. Fusion occur.s between 
tlio supraventricular impulse and a ventricular premature systole. This is evidenced by tlie identical 
coupling of the ventricular premature systole and the fusion beat as well as by the inlcnnediato contour 
of the latter, B, Varying location of fusion in a case of ventricular paroxysmal tachycardia with A-V 
dissociation. The gradual transition in contour of the ventricular complexes is c.xplaliied by the small 
difference in rate between the slower sinus and the faster ventricular pacemaker. (This record was ob- 
tained on the patient shown in Fig. 2, on an occasion when no retrograde conduction from the ven- 
tricular pacemaker was present.) C, Ventricular fusion beats in a case of Wolff-Parkinson-Whitc 
syndrome with auricular fibrillation. The wide QRS complexes are identical with those found during 
sinus rhythm showing short P-R and prolonged QRS (not illustrated). The fifth and sixth boats show 
a gradual transition from the narrow to the wide QRS, indicating the simultaneous invasion of the ven- 
tricles by a supraventricular impulse over both the bundle of Ilis and accessory pathway. The dlller- 
ence m contour between these beats indicates an increasing share of the control of the ventricles hv wav 
of the accessory bundle. 


n,e rectangles indicate stimulation of the ventricles via 

nvrrVifn It portioii represents stimulation via an acce.ssory bundle. The siirea.i 

oi or the tv o pathways is indicated by the double oblique lines in \-V 
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giving rise lo reciprocal auricular beats; fusion in the auricles of the reciprocal 
impulse with the next sinus impulse would result in a fusion beat. 

(2) Ventricular Fusion Beats: Such beats occur in cases of ventricular 
rhythm associated with reciprocal beats, the fusion being between the reciprocal 
and the next automatic beat (Fig. 2). In A-V nodal rhythm with reciprocal 
beats, such fusion beats can be diagnosed only when the reciprocal or nodal 
beat shows aberrant conduction. Another type of ventricular fusion beat is due 
to spread of the supraventricular impulse along both the normal A-V bundle 
and an accessory A-V bundle, as present in cases with the Wolff-Parkinson-White 
syndrome. Whether all the beats in such cases with sinus rhj'thm, short P-R, 
and prolonged QRS are actually fusion beats cannot be answered. Uniformity 
and lack of transitional complexes would seem to indicate that the difference of 
the conduction times of the two pathways is of such duration that the impulse 
conducted through the accessory bundle stimulates both ventricles before the 
impulse can reach the ventricles via the slower A-V conducting path. However, 
the fact that the sum of the P-R and QRS intervals remains constant in records 
showing both normal P-R with normal QRS and shortened P-R with prolonged 
QRS suggests that the last portion of the wide QRS may be due to stimulation 
by the impulse conducted along the normal path\\'ay. This is undoubtedly 
true in the cases of Wolff-Parkinson-White syndrome without abnormal QRS 
prolongation but wth the typical notching of the first portion of QRS (Fox,’- 
Ohnell,^® and Katz, Langendorf, Mintz, and Malinow’^); whenever the value 
representing the difference in A-V conduction time along the two pathways is 
within a critical range, any procedure (like carotid sinus. pressure) or medication 
(like atropine) that changes vagal tone and with it the conduction delay of the 
impulse spreading normally through the A-V node will shift the site of fusion and 
influence the duration of QRS and the contour of its second portion (Fig. 7). In 
the combination of auricular fibrillation and the Wolff-Parkinson-White syn- 
drome (Langendorf^'*) ventricular fusion beats are to be expected with \’arying 
time relations between the supraventricular impulses conducted along the two 
pathways: this actually can be demonstrated (Fig. 5, C). 

Most fusion beats are premature. In the commonest form of fusion, a 
ventricular premature impulse fuses with a sinus impulse, thus abbreviating 
the P-R interval. This shortening may amount to as much as 0.06 second in 
the human heart (Ashman and Hull*®), indicating that the conduction from the 
ectopic focus to the bifurcation of the common bundle may require as much as 
0.06 second. As was demonstrated in animal experiments," such shortening of 
the P-R of a fusion beat can be absent in a case of bundle branch block where the 
sinus impulse fuses with an impulse originating in the ventricle affected by the 
bundle branch block. ~ . 

. . summary 

(1) A review is presented of the contributions to the understanding of the 
norrnal and abnornial spread of the cardiac impulse, which have been revealed 

• ^ fusion beats (transtitional complexes, combination complexes) 

in the electrocardiogram. 
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(2) A classification of fusion beats is given, based on two criteria: origin 
of the fusing irnpulses and site of fusion. 

(3) The various mechanisms reflected in the electrocardiogram exhibiting 
fusion beats are discussed and illustrated. 

(4) A case of Wolff-Parkinson-White syndrome with auricular fibrillation, 
showing complexes with a transitional contour (fusion beats), is presented as new 
evidence to demonstrate the functioning of both the normal, and an accessory, 
pathway in the Wolfif-Parkinson-White syndrome. 

We are indebted to Dr. L. N. KatS? for his valuable suggestions. 
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GLOSSOPHARYNGEAL NEURALGIA: A CAUSE OF CARDIAC ARREST 


Bronson S. IUy, M.D., and Harold J. Strwart, M.D. 
New York, N. Y. 


G lossopharyngeal tic douloureux or neuralgia is a comparatively 
rare but well-recognized syndrome. In re.spect to the stabbing paroxysmal 
nature of the pain and its relation to specific trigger zones, it is exactly com- 
parable to the commoner trigeminal tic douloureux. In neurosurgical clinics 
the two types of neuralgia occur in a ratio of about one to forty. 

The significance of cardiac arrest and syncope associated with glo.ssophar\-n- 
geal neuralgia was first emphasized by Riley and associates,' in a brief report 
of two cases in 1942. This report called attention to the afferent pathway of the 
carotid sinus reflex through the glossopharyngeal nerve and suggested the corre- 
lation of the simultaneous neuralgia and excessive stimuli to the sinus reflex. 
Neither of the two cases was reported to have been subjected to operation. Since 
then, no other reports of similar cases have come to light in medical literature. 
However, one of us (Ray) had the opportunity of examining such a case with 
Dr. Jefferson Browder in 1943 and this patient was relieved of all symptoms by 
intracranial section of the glossopharyngeal ‘’nerve. 

Because of the importance of further establishing the authenticity of the 
syndrome and calling wider attention to the importance of its recognition, there 
is justification for reporting another comparable case. 

CASE REPORT 

Hislory. — E. L., a 49-ycar-old Parisian man, was admitted to the New '^'ork Hospital in 
June, 1946, complaining of recurring se^'ere pain in the left side of the base of the longue, pharynx, 
and neck, accompanied by fainting. He had first experienced the pain three years before when he 
suffered from an infection in the left tonsillar region said to have been a peritonsillar abscess. 
As soon as the infection had subsided a tonsillectomy was performed and the initial pain sulisided 
after several weeks, but every few months, thereafter, he was troubled by stabs of pain in the 
left tonsillar region. In' March, 1946, with a recurrence of pain, another operation for removal 
of tonsillar tissue failed to provide relief. Instead, the pain increased and for two weeks prior to 
admission to the hospital, it had been so severe that the patient was confined to bed. ‘Only 
moderate relief had been obtained from the regular administration of morphine. 

The pain w’as of an intense piercing quality, beginning in the base of the tongue and tonsillar 
region on the left side and spreading deeply in the neck just below and behind the angle of the 
ja'vv, thence deeply into the ear on the same side. A rapid succession of lightninglike stabs would 
continue for five to forty-five seconds, then subside as suddenly as they' had appeared. Paroxysms 
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recurred every several minutes during waking hours, the longest period of freedom being about 
ten minutes. The pain was induced by swallowing and talking so that he ate and drank very 
little and conversed by signs and writing. 

In the more severe attacks, he felt faint and sometimes lost consciousness. Since he was 
under the impression that he had a “weak heart” as a result of having been exposed to gas in 
World War I, he feared that his heart might be failing and that death was impending. 

Exammation . — The general physical examination revealed nothing remarkable except for 
moderate obesity and dehj^dration. The tongue, tonsillar fossae, and pharynx were normal in 
appearance, the neck contained no masses, and otoscopic examination was negative. The cardiac 
sounds, rhythm, and size, as well as the electrocardiogram, were normal. However, the cardiac 
rate varied between 16 and 90 beats per minute and averaged about 65. The blood pressure 
averaged 90/60. The temperature and respiratory rates were normal. Urinalysis, blood counts, 
and blood Wassermann were all negative. 

Description of Attacks . — Many attacks were observed and, with all of those in which the 
pain was more than a fleeting stab, there was simultaneous slowing of the pulse rate for a few' 
seconds. With the more intense and longer lasting paroxysms, there occurred asj stole for several 
seconds followed by bradycardia and by a fall in systolic blood pressure of 25 to 30 mm. Hg for 
the duration of the pain. 

In the more severe attacks in which there was cardiac arrest and fall in blood pressure, the 
patient would become pale, lose visual fixation, show signs of confusion, and, occasionally, of 
complete syncope. Recovery from syncope was simultaneous with the return of normal cardiac 
rate and rhythm and with cessation of pain. 

Electrocardiographic Record During an Attack . — During a control record (Fig. 1, A) the rate 
was 58 per minute. The patient w’as then induced to take a single swallow of cold water while 
Lead II of the electrocardiogram was being taken. This was followed immediately by the usual 
pain and dizziness. The electrocardiogram showed marked slowing of the heart rate wdth sinus 
bradycardia (16 per minute), then asystole for 3.8 seconds (Fig. 1, B). At the end of this inteiw’al 
there was ventricular escape, followed by retrograde conduction with an auricular premature 
contraction and then another ventricular escape, after which there was reversion to normal rhythm. 
The return to normal rhythm and a more rapid rate, 50 per minute, was accompanied by rc- 
covery of the patient from dizziness. 

Cocainization of the posterior portion of the tongue and the pharynx diminished the degree 
of the pain but did not abolish it. Pressure on the neck over the region of the left carotid sinus 
induced the pain and was so poorly tolerated that it w'as not possible to determine the sensitivity 
of the left carotid sinus by pressure. Pressure over the right carotid sinus was painless and un- 
accompanied by any alteration in cardiac rate or blood pressure. Unfortunately, the e.xtremc 
disetomfort and apprehension of the patient prevented the employment of other tests w’hich would 
have been instructive but unnecessary. , 

The diagnosis was left glossopharyngeal tic douloureux associated with an increased carotid 
sinus reflex. 

Operation . — Intratracheal ether anesthesia was administered and a left suboccipital cranio- 
tomy performed. The left cerebellar hemisphere was uncovered and retracted medially to expose 
the region of the jugular foramen. The glossopharyngeal nerve was isolated from the adjacent 
vagus nerve and divided. The blood pressure, up to the time of dividing the nerve, had been 
steadily 130/85 but immediately following the division, the pressure rose precipitiously to 190/115; 
the cardiac rate at the same time increased from 80 to 105. 

Postoperative Course . — On the awakening of the patient from the anesthetic, the former pain 
was gone and has not returned (six months’ follow'-up). Recovery from the operation was 
prompt and uncomplicated so that he w-as able to leave the hospital in ten days. 

Within six hours after operation the blood pressure and cardiac rate had returned to the 
approximate levels. where they renjained thereafter (blood pressure 140/80, and cardiac rate, 80). 



BEFORE OPERATION 
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There was anesthesia of the base of the tongue, palate, and pharynx on the left in the region 
supplied by the glossopharyngeal nerve. The patient was unaware of this sensory loss. Pressure 
oyer the carotid sinus caused no symptoms and no alteration in blood pressure or cardiac rh>1;hm. 
The form of the postoperative electrocardiogram w'as normal, though '"by comparison with the 
preoperative electrocardiogram there were minor changes compatible with the differences in the 
preoperative and postoperative blood pressures. The rate was more rapid, 87 per minute (Fig. 
1, C). Three days after section of the left ninth nerve intracranially, swallowing was not ac- 
companied by any change in the heart rate (Fig. 1, D) and he experienced no symptoms. 


-DISCUSSION 

Tlie nature and distribution of the pain in this patient leaves no doubt that 
the condition was glossopharyngeal neuralgia. It is not possible to evaluate 
the role of the reported quinsy that preceded the onset of the pain, but the his- 
tory of tonsillar inflammation is obtained in an impressive number of those who 
develop glossopharyngeal neuralgia. It may be that some have had unrecog- 
nized herpes zoster of the ninth nerve but more important, perhaps, is the obser- 
vation that tonsillectomy is of no aid in controlling the pain and, as in this case, 
cocainization of the glossopharyngeal areas supplied by the nerve cannot be 
expected always to abolish the pain even temporarily. 

It was impossible to test the sensitivity of the left carotid sinus by pressure 
without inducing the pain and its accompanying alteration in cardiovascular 
fuhctions. However, the absence of a hypersensitive right carotid sinus and of 
generalized vascular disease so commonly seen in patients with carotid sinus 
syncope suggests that the left carotid sinus was not hypersensitive. Thus, the 
cardiac arrest and fall in blood pressure may be assumed to have resulted some- 
how from over activation of the afferent carotid sinus impulses traversing the 
glossopharyngeal nerve by a barrage of pain impulses traversing the same nerve. 

In some patients with hypersensitive carotid sinus reflex, there exists a dull 
pain which has the quality of carotidynia and both conditions appear to result 
from sclerotic alterations of the arterial walls; this condition is not comparable . 
to the syndrome -under discussion. 

The cardiac rate and blood pressure are controlled in part by autonomic 
centers in the medulla whose tone is regulated by numerous afferent impulses 
from the body, the most important of which, perhaps, are those from the carotid 
sinuses. The complete afferent pathway of impulses from the carotid sinuses 
in man is not fully known. However, the pressure component of the reflex is 
mediated wholly by the glossopharyngeal nerve, as evidenced by the fact that 
intracranial division of this nerve abolishes all effects of digital compression of 
the carotid sinus in patients known to have a hypersensitive sinus.^ The tempo- 
rary rise in blood pressure and cardiac rate after division of the glossopharyngeal 
nerve' intracranially is due to interruption of afferent carotid sinus impulses 
which exert an inhibitory effect on central autonomic centers. 

In patients with the hypersensitive carotid sinus syndrome of the 'Vagal 
type,” in which there is cardiac arrest and resulting fall in blood pressure, atro- 
pinization will abolish the effects of compression of the sensitive sinus. In this 
patient it is likely that atropinization would have done away with the cardiac 
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arrest and its associated fall in blood pressure and syncope, though it could 
hardly have been expected to alter the pain. The test was not used because of 
the patient’s impatience with any delay in the operation to relieve his pain. 
Atropinization would undoubtedly be useful in e.xclucling the cardiac effects of 
the syndrome during the period before a delayed operation. It would also have 
been interesting to observe the effects of procainization of the carotid sinus on 
the side of the pain, though there may possibly have been no effect. 


CONCLUSIONS 

1. Glossopharyngeal neuralgia may be accompanied by cardiac arrest with 
syncope. 

2. This effect is mediated through the carotid sinus refle.x mechanism. 

3. Section of the ninth nerve intracramally on the affected side affords 
relief from the neuralgia and abolishes the episodes of cardiac arrest with syncope. 
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THE DIMINISHED EFFICIENCY AND ALTERED DYNAMICS OF 
RESPIRATION IN EXPERIMENTAL PULMONARY CONGESTION 


Howard E. Heyer, M.D,, James Holman, M.D., and 
George T. Shires* 

Dallas, Texas 


introduction 

Q UANTITATIVE measurements of the relative efhciency of respiration in 
the normal lung, as contrasted with the congested lung, have not been made 
in the intact experimental animal. In 1934 Christie and Meakins,’ utilizing simul- 
taneous determinations of dynamic intrapleural pressure and of tidal exchange in 
patients with congestive heart failure, demonstrated a marked decrease in pul- 
monar}^ distensibility. With appropriate treatment, distensibility was found to 
increase as the patient improved. In the present study, an approach similar to 
that of these authors has been used, and studies of the efficiency of respiration 
have been made on normal dogs at rest and during hyperpnea (produced by the 
inhalation of carbon dioxide) and contrasted with the relative efficiency of respira- 
tion after pulmonary congestion induced by rapid venous infusion. With this 
approach, a quantitative comparison of the work necessary to achieve. a given 
amount of tidal exchange has been possible in an animal with normal lungs and 
in the same animal after severe pulmonary congestion. From measurements of 
tidal exchange, ventilation, and intrapleural pressure fluctuations, a representa- 
tion of the dynamic changes in these factors during progressive pulmonary con- 
gestion has been obtained. 


PROCEDURE 

Dogs were anesthetized b\' sodium pentobarbital (.0264 Gm. per kilogram of body weight) 
administered intravenously. A tracheal cannula Avas inserted and connected with a Benedict- 
Roth type spirometer, the calibrated movements of which were recorded by a pointer upon 
smoked paper, providing a measure of tidal exchange. Ventilation per minute was obtained by 
multiplj’ing the average tidal exchange by the respiratorj'^ rate. Surface area was calculated from 
the Meeh-Rubner formula,- and the tidal exchange (in cubic centimeters) and ventilation (in 
liters per minute) were expressed per square meter of surface area. Intrapleural pressures were 
measured by inserting the tips of small rubber catheters (provided with lateral apertures) about 
three-eighths of an inch into the pleural space, by means of a small hemostat. A previously placed 
purse-string suture Avas immediately draAA-n airtight about the catheter. A AA'ater manometer 
with conduction tubing of 5 mm, bore A\’as utilized to measure A^ariations in intrapleural pressure. 
The suitability of such an instrument for recording quantitatiA’'e measurements of intrapleural 
pressure has been shoAvn by Christie and McIntosh.^ 
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Tiic spirometer was tilled ^vilh (I) JOO per cent oxvRcn for ex|H,Tin.efU.s at rest ami diirinp: 
ronceslioir and (2) with a mixture of 5 per cent carbon dioxide and 95 per cent oxyRcn to deter- 
mine the effect of carbon dioxide. Before the administration of carbon dioxide the soda hmc was 
removed from the spirometer, so that rebreathing caused a progressive mcrcasc ;n the carbon 
dioxide content of the inspired air, producing a maximal degree of stimulation. Venous pressures 
were measured from the external jugular vein (using a small amount of heparin in the mano- 
meter) with the animal's back (supine position) as a reference point. Pulmonary congestion was 
produced by the intravenous administration of (a) 0.9 per cent .sodium chloride solution; (b) 
solutions containing 5 Gm. of sodium bicarbonate plus S.SS Gm. of sodium chloride per liter; 
and (c) solutions containing 1.25 Gm. of sodium bicarbonate plus 7.30 Gm. of sodium cliloride fwr 
liter. The rates of fluid administration varied in different animals from 5.0 to 30.0 c.c. per kilo 
per minute. The total amount of fluid administered varied between 2.0 and 4.0 liters per animal. 
Nineteen dogs were utilized. The pH of the blood was determined by means of the Coleman 
electrometer, using a glass electrode. Oxygen content and capacity of whole blood and the carbon 
dioxide content of serum were determined by the methods of Van Slyke and Neill,’ carbon dioxide 
tension being calculated by using the Hcndcrson-Hcsselbach equation. 


RESULTS 

E/ec/s of Rapid Venous Jufusioii.—'Vhc rapid infusion produced abrupt in- 
creases in venous pressure, which eventually rose to 500 mm. of saline or above 
(Table I) in most animals. Observation of the exposed cervical veins revealed 
that they became markedly distended during the first few minutes of the ad- 
ministration of fluid. The respiratory rate rose moderately, and participation 
of the accessory muscles of respiration, especially of the expiratory group, became 
progressively more marked during each experiment. In most animals the respira- 
tory rate slowed somewhat as pulmonary congestion became very severe, and 
respiration became very labored. If the infusion was continued when this state 
was reached the animals expired verj' shortly. Each animal was examined after 
death and the lungs were universally found to be heavy, reddened, and leathery, 
and fluid was expressed profusely from the congested cut surface of the lungs. 
The liver was found to be large, reddened, and the cut surface revealed evidence 
of marked congestion. The heart was usually slightly dilated. 


Table I. Jugular Venous Pressures (In mm. HiO). 


DOG NO. 

BEFORE INFUSION 

DURING MAXIMUM PULMON.AR 
CO.NGESTIO.V 

20 

140 

585 

21 

100 

600 

22 

66 

615 

25 

119 

560 

26 

95 

235-f 

27 

160 

510 

28 

85 1 

540 

30 

84 

540 

31 

105 

485 

32 

100 

520 

33 

87 

560 

34 

160 

450 

35 

85 

500 

36 

90 

600 
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Alterations in Intrapleural Pressure . — The maximum intrapleural pressure 
during expiration, before the administration of fluid or carbon dioxide, was found 
to be negative in eighteen of the nineteen animals (Table II), usually varying 
from —1.0 to —4.6 cm. of water. In the remaining animal the expiratory intra- 
pleural pressure was at the atmospheric level, but in no instance was the expiratory 
intrapleural pressure at rest above atmospheric pressure. During inspiration the 
total intrapleural pressure fluctuations during quiet breathing in the different 
animals, with a few exceptions, ranged between -4.0 and -10.0 cm. of water. 
After the inhalation of the carbon dioxide-oxygen mixture the total intrapleural 
pressure fluctuations increased markedly in each animal (Table II), usually 
remaining below atmospheric pressure. In only three of the eight animals given 
carbon dioxide did the expiratory intrapleural pressure rise above the atmos- 
pheric level. 

By contrast with the resting state, and with most of the experiments in which 
respiration was stimulated by carbon dioxide, the expiratory intrapleural pressure 
rose well above atmospheric pressure in every animal in which pulmonary conges- 
tion was produced (Table II and Fig. 1). In seventeen of the nineteen animals 


Intrci.pleural Pressure 
+ 10 


+ 8 


£>OG **-^2 


Atmosphzric 

pressure 





198 cc. 


Ave-rogz 
tidal exchange 


Cm. of 
H^O 


92 cc. 


RESTING RESPIRATION AFTER EXPERIMENTAL CONGESTION 


Pig. 1. — Effects of rapid intravenous Infusion upon Intrapleural pressure and tidal excliange (expressed 

per square meter of surface area). 


Table II. Ln-trapleural PressurivS (ix cm. IT.O) 




A?n'mals Vagotoniizcd Before Congestion 



A. V. C. 


+ 1.8 ! 
-12 i 


A. B. A . — After bilateral vagotomy. 

vagotomy and cocainization of carotid bodies. 
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the mean intrapleural pressure rose toward or above atmospheric levels. This 
was a constant phenomenon and confirms the work of Christie and Meakins/ 
who found similar results in patients with pulmonary congestion due to heart 
disease. 

Alterations in Tidal Exchange and Ventilation. — ^The tidal exchange rose 
progressively during the administration of carbon dioxide, in some cases increas- 
ing, by over 100 per cent (Table III). Similarly, ventilation was markedly 
augmented after the inhalation of carbon dioxide, occasionally increasing over 
threefold (Table IV). During increasing pulmonary congestion the tidal air, 
after a brief rise in many animals, decreased progressively (Table III and Fig. 1). 
The respiratory rate rose sharply in all animals during the early stages of conges- 
tion ; during the terminal stages breathing became slow and labored. Correspond- 
ing to the changes in respiratory rate and the initial increase in tidal exchange, 
ventilation per minute rose during the early phases of infusion; later declining 
gradually, sometimes to values near or below the original resting levels (Table IV). 


Tablu ill. AviiR.\GE Tidal E.xchaxge ix c.c. per Square Meter 


DOG XO. 

RESTIXG 

AFTER COo IXHAL.MTOX 

DURING MAXIMUM 
PULMONARY CONGESTION 

15 

95 

__ 

60 

20 

282 

510 

194 

21 

331 

646 

1 174 

22 

208 

, 360 

92 

25 

95 

182 

56 

26 

194 . i 

249 

75 

27 

242 I 

520 i 

155 

28 

300 

580 i 

135 

30 i 

122 1 

— 

61 

31 

84 

— 

55 

32 i 

203 

— 

98 

33 

118 

— 

103 

34 

122 

1 

113 

35 

340 

— 

175 

36 

184 

— 

108 

Animals Vagotomized Before Congestion and CO^ 

29 

445 

___ 

191 

38 

330 

615 

287 

39 

330 

— 

308 

A. B. V. 

141 

— 

367 

45 




A. V. C. 

— — 


253 

{ 

A, B. y, == 

After bilateral vagotomy. 




A. V. Ci = After vagotomy and cocainizalion of carotid bodies. 


Changes in Respiratory Efficiency. — To determine the efficiency of respira- 
tion, the amount of tidal exchange (in cubic centimeters) produced per centimeter 
of change in intrapleural pressure was used as an index of efficiency : 
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/ Tidal exchan ge in cm.' per square meter Y 

\Total intrapieural pressure cliange per breath in cm. H;0/ 

By this method of determining respiratory efficiency it was found that during 
the administration of carbon dioxide the amount of tidal air breathed, for each 
centimeter of intrapleural pressure change, increased progressively from the resting 
state (Table V and Fig. 2). 



Fig. 2. — Graph showing alterations in tidal exchange produced for each centimeter of total change 
in intrapleural pressure. The tidal c.\chango per centimeter of intrapleural pressure change rises rapidly 
after carbon dioxide inhalation and falls progressively during intravenous infusion. 


♦This method of measurement of distensibllity, or elllcloncy, involves the assumption that recoil 
from compression of the lungs during expiration is negligible. An alternate method of measuring Intra- 
P pressure changes is that of using only tho negative pressure developed as an index of the force 
app le to the lungs. Since, In many cases, tho portion of the pressure curve which was positive was 
very ^rge, this latter assumption was obviously not feasible. It has been shown* that, although there 
chosen^o compression of the lungs, it is small in amount and we therefore have 
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During pulmonary congestion caused by venous infusion, ho\ve^•er, it will be 
seen (Table V, Fig. 2) that the amount of tidal exchange per centimeter of intra- 
pleural pressure change decreased markedly at the height of pulmonary conges- 
tion. The response after carbon dioxide is evidence of increasing efficiency of 
respiration in the normal lung when an increasing stimulus is applied. On 


EFFICIENCY OF RESPIRATION, EFFECT OF 5 % COg INHALATION 
AND EXPERIMENTAL PULMONARY CONGESTION IN VAGOTOMIZED ANIMAL 



Time In Minutes after 5/5 CO 2 , or Fluid 
(21 cc. per Kg. per min.) Begun 


Fig. — Yagotomizod anSninl. Graph showing aUerations hi tidal exchange produced for each 
centimeter of total change in intrapleural pressure. The tidal excliango rises after carbon dioxide, and 
fall-s progressive!}’ during intravcnou.s Jnfu.sion. These findings are similar to tho«e In the nonvagotom- 
iacd animal (Fig. 2). 


the other hand, although gross hyperpnea had supervened during pulmonary con- 
gestion, and although the intrapleural work expended had increased proi’res- 
sively, the efficiency of respiration and the amount of tidal e.vchange dimini.died 
rapidly during congestion. 




Taui-Ii IV. Vhs'v)I-ation in Liters vkk S^uaue Meter i’er Minute 


1 

i 

DOC. NO. 1 

; 1 

RESTING 

i 

1 

i 

i ! 

1 AFTER COs INHALATION 

UURISG .MARKED 

1 PULMONARY CONGESTION 

15 ' 

4 86 

1 ; 

' 1.80 

20 

4.5 

12.1 

1,26 

21 ' 

2.32 

9.1 

i 2.42 

22 ’ 

2.48 ' 

; 8.50 

' i'84 

2.5 

2. .33 

' 6 . 75 

: 1 ,80 

26 ’ 

2.72 

: 5.95 

2.12 

27 

5.8 

: IS. 1 

: 3 4 

28 

3 60 

10.50 

4.85 

30 

; 1.47 

... .„ 

' 1 .22 

31 

! 1.76 

- - — 

,88 

32 

3.05 

- — 

1.66 

33 

i 1 41 


1.54 

34 

i 3.50 

— 

2.70 

36 

; 1.47 

— 

2.76 

35 

4 09 

— 

3,50 


, 

Eallmving Bilateral Vagotomy 


29 

3 11 



0.38 

38 

2.64 

6 76 

1 . 75 

39 

2.61 


3.77 

A. B. V. 

1.65 


i.in 

45 




A. V. C. 


- — 

1,01 

A. B. V. = 

After bilateral vagotomy. 



A. V. C. = 

.After vagotomy and cocainizatlon of carotid bodio«. 


Tahle V. 

Respiratory Efficiency 

CM.’ OF Tidal Exchange 

PER Square Meter 

Total Intr^ypleural Pressure Change (cm. HjO) 


i 

! 

' 

DURING .MAXLMUM 

DOG NO, 

! RESTING 

i AFTER COj INH.AL.YTION 

4 

PULMONARY CONGESTION 

15 

i 31 .6 

lol 

6.6 

20 

; 47.5 

17.3 • 

21 

i 35.1 

46.8 

8.7 

22 

i 52.1 

54.6 

4.6 


25 

26' 

27 

28 

30 

31 

32 

33 

34 

35 

36 


21.6 

51.1 

24.2 
30.6 
21.1 
11.0 

31 .5 
31.0 

25.5 
54.9 

31.6 


38. 3 
65.5 
34.7 
49.2 


5.8 
17. S 

7.0 
14.0 
5. IS 

5.9 
8.70 
8.8 

14.3 

36.4 

11.5 


29 

38 

39 

A. B. V. 
45 

A. Y. C. 


Respiratory Efficiency FoUtnving Bilateral Vagotomy 


36.8 

31.7 
38.4 

25.7 


I 


28.5 


A. B. V. = After bilateral vagotomy. 

A. A . C. == After vagotomy and cocainizatlon of carotid bodies. 


5.79 

11.10 

36.6 

17.8 

18.35 
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Chernical Alterations in the Blood. — Since the administration of large quanti- 
ties of 0.9 per cent sodium chloride solution in a short period of time lowers 
the pH of the blood, determinations of pH, arterial oxygen saturation, and 
serum carbon dioxide tension were made in these animals. In addition to 0.9 
per cent sodium chloride solution, some animals were perfused with fluids con- 
taining a known amount of fixed base (solutions of 28 and 60 millimols of sodium 
bicarbonate per liter, rendered isotonic with sodium chloride) in an attempt to 
prevent the fall in pH of the blood, and the effects upon respiration were observed. 
Regardless of the chemical alterations in the blood (Table VI), the changes in 
mechanical efficiency of respiration were exactly parallel in the different animals, 
the efficiency of respiration diminishing progressively. Similarly, despite the 
different types of infusion, the tidal air decreased and the intrapleural pressure 
rose in all animals. 


F0LL0WIH8 BILATERAL VA60T0MY 


Bag #3S 


r T 


Intrapleural Pressure 
+ 10 ,- 



-18 

-20 


Cm of 

HiO 


330 00. 


Average Tidal 
Cxonange 


287 00. 




Before Pulmonary Congestion 


After Pulmonary Congestion 


Fig. 4. — After vagotomy in the resting animal the respiratory rate slows, but c.\piratory pressure 
remains at atmospheric levels. After infusion of the vagotomized animal the total intrapleural pressure 
excursions increase markedly and the expiratory pressure rises well above atmospheric, while the tidal 
exchange (expressed per square meter of surface area) diminishes. The respiratory rate does not 
increase during infusion. 


Effect of Vagotomy and Cocainization of Carotid Body and Sinus. — Vagotomy 
was performed on five animals which were then subjected to rapid venous in- 
fusions, producing pulmonary congestion. Vagotom}'^ did not prevent either the 


Table VI. Chemical Alterations in the Blood 
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carotid bodies 



HEYER ]':T AL.; EXPERIMENTAL PULJIONARY CONGESTION 473 

marked increase in intrapleural pressure fluctuations, with the shift of expiratory 
pressure readings above the atmospheric level, or the elevation of mean intra- 
pleural pressures toward atmospheric levels (Table II, Fig. 4). The acceleration 
of the respiratoiy rate, which was seen in the intact animal, however, was not 
observed. Nevertheless, the efficiency of respiration (measured by the tidal 
exchange per centimeter of water of intrapleural pressure change) diminished 
progressively during infusion, after bilateral vagal section (Fig. 3). 

Since the pH of the blood was found to fall markedly during the adminis- 
tration of 0.9 per cent sodium chloride, it seemed desirable to determine the extent 
to which peripheral chemoceptor mechanisms were stimulating respiration. 
Dog 45 was vagotomized and perfused rapidly with saline; Table II reveals that 
the total intrapleural pressure fluctuations increased markedly after infusion, 
while the expiratory and mean intrapleural pressures also rose. During the in- 
fusion, the pH of the blood fell markedly; from 7.30 to 6.80 (Table VI). Immedi- 
ately after cocainization of the nerves to the carotid body and sinus, total intra- 
pleural pressure fluctuations decreased markedly. Since the interruption of 
sensory impulses from the carotid sinus has been shown to stimulate respira- 
tion® this decrease in the motor activity of the respirator}'^ muscles was considered 
as being caused by the blocking of impulses arising from stimulation of the 
carotid bodies, produced by the increase in hydrogen ion concentration. Thus, 
at least with the administration of large quantities of 0.9 per cent sodium chloride 
solution, peripheral chemoceptor mechanisms played a very important role in 
stimulating the respiratory center. 

Effect of Section of the Cervical Cord . — Section of the spinal cord in the lower 
cervical region was performed at the height of congestion to abolish active 
expiratory movements. In each case an immediate sharp drop in tidal exchange 
occurred, sometimes to negligible levels (Table VII). Total intrapleural pressure 


Table VII. Effect of Section of Cervical Spinal Cord Upon 
Respiration During Pulmonary Congestion 


dog 

TIDAL EXCHANGE 
(C.C.PER SQUARE METER) 

INTRAPLEURAL PRESSURE 

CM. H2O 

TOTAL INTRAPLEURAL 
PRESSURE 

(FLUCTUATION CM. HjO) 

no. 

BEFORE 
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-'SECTION 

1 

AFTER 

CORD 1 

SECTION i 

BEFORE 
CORD j 

SECTION 

AFTER 

CORD 

SECTION 

BEFORE 

CORD 

SECTION 

AFTER 

CORD 

SECTION 

30 

! 

61 i 

27 : 

-{-3 . 6 Exp. 
—8.2 Insp. 

-1.4 Exp. 
—8.6 Insp. 

11.8 

7.2 

31 

55 

No measurable ex- 
change within 

30 sec. 

-{-2.4 Exp. j 
— 7.0 Insp. 1 

+0.4 Exp. 

— 1.8 Insp. 

9.4 1 

i 

i 

2.2 

32 

98 

i 

49.8 

+3.1 Exp. 
—8.2 Insp. 

-1.4 Exp. 
—6. 1 Insp. 

11.3 

4.7 

36 

108 

10 

+3 . 6 Exp. 
—5.8 Insp. 

+2 . 4 Exp. 
—4.2 Insp, 

9.4 

6.6 
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marked increase in intrapleural pressure fluctuations, with the shift of expiratory 
pressure readings above the atmospheric level, or the elevation of mean intra- 
pleural pressures toward atmospheric levels (Table II, Fig. 4), The acceleration 
of the respiratory rate, which was seen in the intact animal, however, was not 
observed. Nevertheless, the efficiency of respiration (measured by the tidal 
exchange per centimeter of water of intrapleural pressure change) diminished 
progressively during infusion, after bilateral vagal section (Fig. 3). 

Since the pH of the blood was found to fall markedly during the adminis- 
tration of 0.9 per cent sodium chloride, it seemed desirable to determine the extent 
to which peripheral chemoceptor mechanisms were stimulating respiration. 
Dog 45 was vagotomized and perfused rapidly with saline; Table II reveals that 
the total intrapleural pressure fluctuations increased markedly after infusion, 
while the expiratory and mean intrapleural pressures also rose. During the in- 
fusion, the pH of the blood fell markedly; from 7.30 to 6.80 (Table VI). Immedi- 
ately after cocainization of the nerves to the carotid body and sinus, total intra- 
pleural pressure fluctuations decreased markedly. Since the interruption of 
sensory impulses from the carotid sinus has been shown to stimulate respira- 
tion® this decrease in the motor activity of the respiratory muscles was considered 
as being caused by the blocking of impulses arising from stimulation of the 
carotid bodies, produced by the increase in hydrogen ion concentration. Thus, 
at least with the administration of large quantities of 0.9 per cent sodium chloride 
solution,- peripheral chemoceptor mechanisms played a very important role in 
stimulating the respiratory center. 

Effect of Section of the Cervical Cord . — Section of the spinal cord in the lower 
cervical region was performed at the height of congestion to abolish active 
expiratory movements. In each case an immediate sharp drop in tidal exchange 
occurred, sometimes to negligible levels (Table YII). Total intrapleural pressure 


Table VII. Effect of Section of Cervical Spinal Cord Upon 
Respiration During Pulmonary Congestion 


dog 

TIDAL EXCHANGE 
(C.C.PER SQUARE METER) 

INTRAPLEURAL PRESSURE 

CM. HoO 

! 
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{iuciualions diminished considerably; in some cases the expiratory intrapleural 
pressures diminished, but did not fall below atmospheric levels in all animals. 
If rapid venous infusion was continued in the animals in which abolition of e.\- 
piratory movements caused a fall in expirator>^ intrapleural pressure levels, the 
mean and expiratory pressures again rose toward or above the atmospheric 
level (Fig. 5). 


’after EXPERIMENTAL CONfiESTION mtrapleural AFTER CORD SECTION 

Pressure 



108 CO. 


10 cc. 


Average Tidal Exchange 


l it;. -J. --After sfction of the cervical cord (abolishing active expiratory movements) the expiratory 
intraplfiiral prc.ssure remains above the atmo.sphcric level if the intravenous infusion is continued, and 
the thi.-il cxcitanKc and ventilation fall to very low IcvcKs. 


DISCUSSION 

I he importance of local changes in lung tissues in causing the labored and 
diffituil respiration of pulmonary congestion seen in heart disease ,was pointed 
out in 1886 by von Basch,'® who staled that while alveolar space and lung size 
increased after cong(,'stion of the lung, rigidity (Lungenstarrheit) of the pul- 
iiKinarA tissues also increased. Traube” contended, on the contrary, that en- 
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largement of the pulmonary vessels and their protrusion into alveolar spaces, 
with decrease in size of the latter, was the cause of the labored respiration. 
In 1927 Bingcr^- proved that the lungs of patients with congestive failure contained 
an increased amount of residual air, which diminished in very severe congestion. 
In 1929 Churchill and Cope/® by producing experimental congestion of the lungs 
in animals, proved the role of nervous influences in causing a rapid and shallow 
type of respiration. Harrison^'* and co-workers further proved that the most 
important stimulus to rapid and shallow breathing seen in pulmonary congestion 
arose from vagal reflexes, not only in the pulmonary tissues but also from in- 
creased pressure in the great venous trunks of the heart and in the right auricle. 
Christie and Meakins,^ in 1934, endeavored to correlate these observed phenomena 
by suggesting that the increased rigidity of the pulmonary tissues was caused by 
increased tension, and that the latter stimulated vagal endings, rendering the 
Hering-Breuer reflex hyperactive. 

The present study indicates that as pulmonary congestion increases, the 
respiratory mechanism operates with progressively decreasing efficiency, expend- 
ing a greater amount of work for a diminishing amount of tidal air per breath, 
and that these changes are independent of vagal reflexes. Christie and Meakins,^ 
while demonstrating that elastic recoil of the lung was only moderately changed 
in pulmonary congestion due to heart disease, showed in patients that a greater 
fluctuation in intrapleural pressure was needed to achieve a given amount of 
tidal exchange, and stated that this was due to diminished “distensibility” of 
the lung. 

It was further shown in the present study that, although the increase in 
respirator}!^ rate after rapid infusion was prevented by bilateral vagotomy, the 
marked increase in intrapleural pressure changes and the diminished efficiency 
demonstrated after infusion were not prevented by section of the vagi. Since the 
extent of intrapleural pressure fluctuations was markedly diminished by cocain- 
ization of the nerves of the carotid body and sinus, it seems probable that a 
great portion of the reflex stimulation of respiration in the animals given 0.9 
per cent sodium chloride was due to stimulation of peripheral chemoceptor organs 
by the fall of pH of the blood, caused by dilution of body base. Although the 
stimuli to breathing produced by rapid intravenous infusion were not further 
delineated in these studies, it is possible that they were multiple in nature. 
Among these possible sources should be considered (1) the effect of a lowered pH 
on the respiratory center itself,^® (2) the effect of increased venous pressure in the 
cranial cavity,^® and (3) stimulation of afferent fibers carried by the spinal cord 
from blood vessels in the limbs. In connection with the latter possibility, 
Moyer® has recently shown that distention of peripheral veins accelerates breath- 
ing in the nonvagotomized animal. The marked venous distention observed in 
the animals in the present study may have been a contributing factor in increas- 
ing the respiratory rate. Regardless of the origin of the afferent impulses 
stimulating respiration, the motor functions of respiration operated with decreased 
efficiency whenever pulmonary congestion was produced. 
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What are the factors responsible for this increased resistance to pulmonary 
filling and emptying? Yon Neergaard and Wirz” have shown that the physical 
factors witliin the lungs which may alter their filling may reside in (a) the upper 
airway; (b) the lower airway and alveoli; and (c) the resistance of the pulmonary 
tissues themselves to deformation (“Deformationswiderstand”). Since in these 
experiments there was no alteration in the upper airavay, it becomes evident that 
the causes of increased respiratory efficiency after carbon dioxide administration, 
and the decreased efficiency after experimental congestion, should be sought in 
changes in the smaller air passages and alveoli, and/or in the resistance of the 
pulmonary tissues to changes in shape and size. Since the physical properties of 
normal pulmonary tissues were apparently unaltered by carbon dioxide, it seems 
likely that enlargement of smaller bronchi and bronchioles occurred, resulting 
in a decreased frictional resistance to the entrace of air, and thus increasing 
rcspirator>' efficiency. After congestion of the lungs, however^ the efficiency of 
respiration fell progressively. Hence, alterations in either the size of smaller 
air passages and alveoli, and/or in the resistance of the tissues (to change of 
shape and size) must be assumed to have occurred with pulmonary congestion. 

If the lungs and their vessels are considered as analagous to a type of erectile 
tissue, the resistance of the pulmonary tissues to changes in size and shape is 
readily understood. Von Basch’s original demonstration that filling of the 
vessels of the excised lung caused an increase in lung size, with an actual increase 
in the air-containing space of the lung, indicated that as the vessels became dis- 
tended and turgid they acted as an expanding, semirigid framework which 
increased the size of the enclosed air spaces. This finding was confirmed by 
Romanoff,^® who also found that air entered the excised lung when the pulmonary 
vessels were filled with fluid. Weiss and Robb,^® after extensive studies on 
patients with severe pulmonary congestion and cardiac asthma, concluded that 
ihe chest assumed a position of “functional emphysema’’ with the diaphragm 
fixed in an inspiratory position, and that an actual increase in total residual air 
occurred. Likewise, Binger'® demonstrated an increase in residual air in patients 
with pulmonary congestion due to heart disease. The findings of the latter 
three authors can only be explained by the development of an increase in lung 
volume and air space caused by the erectile nature of the tissues of the con- 
gested lung. 

When the changes in ventilation are considered in the light of the preceding 
findings, the cause of the increased effort exerted to achieve an adequate tidal 
exchange is easily understood. With increasing pressure in the lung vessels 
caused by the rapid infusions, the properties of resistance of the tissues to changes 
in shape and size became much enhanced. A much greater change in pressure 
had to be exerted upon the surface of the congested lung to produce expansion 
during inspiration. Similarly, during expiration the lung had to be actively 
compressed by an active contraction of the expiratory muscles to supplement 
t ie clastic recoil of the lung and to permit air to be expelled. As the turgidity 
o t le pu monary \essels increased, with mounting pulmonary congestion, the 
\cnti ation accomplished in relation to the work expended (measured by the 
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intrapleural pressure changes in inspiration and expiration) became progressively 
less. This concept is in exact accord with the observation of a marked decrease 
in the efficiency of respiration seen in these experiments with increasing pul- 
monary congestion. 

The development of an enlarged semirigid lung imposes certain further 
mechanical disadvantages upon ventilation. A corollary to the demonstration 
of Weiss and Robb^® that the congested lung becomes fixed in an inspiratory 
position is the development of a marked diminution of both complemental and 
supplemental air. Optimal tidal exchange then became possible only if total 
lung size were decreased by active compression of the lung by the expiratory- 
muscles ; reserve air had to be expelled by active effort from the air spaces before 
a maximal amount of air could enter the lung in the following inspiration. Proof 
of the vital role of the expiratory muscles in this regard was seen in the present 
study in the sharp diminution of tidal exchange which occurred immediately' 
after the abolition of expiratory movements by section of the cervical cord. 

The increased activity of expiratory muscles has certain other important 
connotations. In previous work one of us-® has shown that pulmonary' conges- 
tion caused by heart disease produced a labored type of respiration, with especial 
difficulty in expiration, and that the expiratory difficulty is much diminished 
by the administration of a bronchodilating drug (aminophylline). Although no 
direct observations of this type were made in the present study, our previous 
observations in patients suggest that a portion of the extra work expended to 
achieve ventilation in these animals, especially during expiration, was due to 
relative diminution in size of the smaller air passages. A further effect of the 
forced pulmonary compression by expiratory muscles is the facilitation of empty'- 
ing of the congested pulmonary bed. Barach and Swenson-* have shown clearly 
that an increase in intrapulmonary pressure during the expiratory phase exerts 
such an emptying effect upon the pulmonary circulation, and have made use of 
this principle in the treatment of pulmonary congestion and pulmonary' edema. 

Viewed in the light of the increased muscular activity demonstrated in the 
present studies in both inspiration and expiration during pulmonary congestion, 
the sensation of dyspnea in patients is more readily understood. In both phases 
of breathing the respiratory muscles are called upon to exert an unusual degree 
of effort, and also to operate at a definite mechanical disadvantage. Moreover, 
this increased activity must proceed over a relatively long period of time to 
insure the preservation of adequate ventilation. When the effort necessary 
to accomplish ventilation in the congested lung becomes very great, and when 
such exertion is prolonged, fatigue of the respiratory muscles occurs and the con- 
scious recognition of this sensation of distress must inevitably follow. Moyer® 
has described the feeling of dyspnea as “a sense of specialized fatigue,” an apt 
description of the series of events that occurs. Vagal reflexes control the rate 
and depth of respiration, terminating inspiration abruptly in the congested lung. 
This vagal control, however, would not seem to affect the relative disproportion 
between the work expended and the diminished tidal exchange achieved in 
pulmonary congestion. In this excessive effort necessary' to ventilate the 
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congested lung, and in the fatigue resulting therefrom, would seem to lie the 
genesis of the complex sensation of dyspnea. 

The shift in mean intrathoracic pressure toward atmospheric levels and 
above is not wholly due to increased activity of expiratory muscle groups, since 
abolition of their action did not cause the excursions above the atmospheric 
level to cease. Hence, although a portion of the upward shift may be due to 
these muscles, an increase in intrathoracic tension caused by overdistention of 
pulmonary vessels must also be an important factor. Traube’s^^ contention 
that the congested capillaries encroach upon the alveoli, thus decreasing air 
space, is supported by the finding of a rapid fall in tidal exchange accompanied by 
a progressive rise in intrapleural pressure, in the terminal stages of pulmonary 
congestion in these animals. During extreme pulmonary congestion, even though 
intrapleural pressure fluctuations increased markedly, tidal exchange diminished 
precipitously, suggesting that alveolar air space was decreased in size by projec- 
tion of the engorged pulmonary vessels into the alveolar lumen, or that the alveolar 
space itself remained unchanged but became filled Avith edema fluid. Binger’- 
has also shown in patients that in advanced pulmonary congestion the residual 
air, which was at first increased, undergoes a diminution in volume. It seems 
probable, therefore, that diminution in alveolar space occurs but appears only 
in the later stages of severe pulmonary congestion. 

CONCLUSIONS 

1. A reconstruction of the dynamic changes in respiration from these studies 
indicates that the following events occur in pulmonary congestion : 

(a) Accompanying the congestion, the pulmonary tissues undergo a marked 
increase in resistance to changes in shape and size. It is probable that relative 
obstruction also develops in the smaller air passages. 

(b) Concomitant with the events in (a), increasing tension in the pul- 
monary tissues causes stimulation of vagal nerve endings, producing an accelera- 
tion of respiration and rendering the Hering-Breuer reflexes more sensitive. 

(c) Tidal exchange is then accomplished in the congested and turgid lung 
at the expense of total greater changes in intrapleural pressure. 

(d) As distention of pulmonary vessels and tissues with fluid increases, 
mean intrathoracic pressure rises toward atmospheric levels and expiratory 
intrapleural pressures rise well above the atmospheric level. 

(e) Active participation of the expiratory muscle groups occurs Avhen 
pulmonary congestion becomes marked. This increased activity is necessary 
to achieve optimal tidal exchange in the congested lung. 

(f) These changes appear to be independent of alterations in carbon dioxide 
and hydrogen ion concentration of the blood. 

2. In the intact animal the increase in respiratory rate with massive venous 
infusions is mainly of vagal origin, although the effect of increa.sed pressure in the 

\ein.s of the body and cranial cavity may plav a contributorv role in accelerating 
breathing. 
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3. Since rapid infusion of vagotomized animals produced marked increased 
in intrapleural pressure fluctuations, it is evident that the respiratory stimulation 
produced by such infusions arises not only from impulses mediated via the vagi, 
but also through other means. 

Ihe authors wish to express their gratitude to Dr. Tinsley R. Harrison for helpful suggestions 
and advice given throughout this study. 
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PROLONGATION OF THE Q-T INTERVAL IN THE ELECTRO- 
CARDIOGRAM OCCURRING AS A TEMPORARY FUNC- 
TIONAL DISTURBANCE IN HEALTHY PERSONS 


With a Proposal That (Q-T) cal. May Be Used To Designate 
Q-T Intervals Calculated for the Physiologic Vari- 
ables, Cycle Length, Age, and Sex 

Orville Horwitz, M.D., Philadelphia, Pa., and Captain Ashton 
Graybiel, Medical Corps, United States Navy 

V ARIATIONS in the Q-T interval in the electrocardiogram may be due to 
several factors in addition to the heart rate. It is generally agreed that 
shortening of Q-T may result following the administration of digitalis^ and that 
lengthening may be associated with hypocalcemia,^ quinidine poisoning, ^ low- 
blood potassium,® familial periodic paralysis,® beriberi,* diabetic coma,® cardiac 
enlargement,® and heart failure of various types. 

In view of the increasing clinical significance now being ascribed to vari- 
ations in the Q-T interval, it seems worth w-hile to record the observation that 
Q-T may become temporarily prolonged in healthy persons as a result of the 
functional alterations associated with change in body position. This phenome- 
non was first observed in the course of examining an aviation cadet referred to 
us because of the complaint of postural dizziness. 

The Q-T interval of the electrocardiogram became greatly prolonged, rel- 
ative to the heart rate, w^hen the aviator was tilted from the horizontal to a 
head-up position. Because of this Q-T finding, a further study was made. 


Q-T TERMINOLOGY 


Inasmuch as the duration of Q-T is affected by important physiologic vari- 
ables, these relationships have been expressed by a number of empirical formulas. 
In the.se formulas, Q-T is allowed to vary with the square root,® cube root,® 
or logarithm’^ of the cycle length, and age and sex are taken into account by in- 
troducing a correction either in the formula itself or in the value derived from 
the solution of the formula. In this manner, Q-T is, in effect, calculated from 
certain physiologic variables and is sufficiently constant to provide a reference 
_ variables which may affect Q-T duration. 


carried out at the School of Aviation Medicine and Besearcli, Naval Air Station. 

Contained herein are the private ones of the writers, and are not to be 
the Navy nepartment or the naval service at large. 
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This calculated Q-T is variously designated. It is sometimes referred to 
as the systolic index, which expresses its relationship to the duration of systole; 
frequently it is referred to simply as Q-T, and the reader must determine whether 
the actual or calculated value is implied. We suggest, therefore, that the sub- 
script “cal.” (an abbreviation of calculated) be used to designate the Q-T in- 
terval which has been calculated from the physiologic variables according to one 
of the several proposed formulas. Thus, the general meaning of Q-T cal, would 
always be understood, and it would acquire more specific meaning if reference 
were made to the particular formula used in obtaining Q-T cal. values. 

Q-T cal. is distinguished from the corrected Q-T (Q-Tc) of Taran and 
Szilagyi® as follows: 

actual Q-T 

Taran and Szilagyi’s Q-Tc = 

\/cycle length 

Q-T cal. = K Vcycle length 


METHOD 

Ten aviation cadets between the ages of 19 and 28 years served as subjects. 
All were healthy and without complaint except one (Case 1), who complained 
of loss of vision on suddenly standing erect, and of ease of blackout during 
certain flight maneuvers. 

Each subject was allowed to lie on the tilt table for at least fifteen minutes, 
and a control electrocardiogram was taken at the end of this period. Lead II 
was then recorded (1) while the subject was tilted 60° head up, (2) during the 
first and fifth minutes after the tilt, and (3) while the subject was tilted back to 
the horizontal position. Careful measurements were made of the duration of 
Q-T and of cycle length, and the relationship between them was calculated 
using Bazett’s formula,® Q-T = 0.392 Vcycle length, and Ashman’s formula for 
adult men,'^ Q-T = 0.375 x log 10 (cycle length -f0.07). 

RESULTS 

A review of the several records obtained in each case showed that the maxi- 
mum changes in Q-T cal. as compared with those in the actual Q-T occurred 
immediately after the subject was tilted. A summary of these maximal changes 
calculated both according to the formula of Bazett and that of Ashman is shown 
in Table I. It is seen that the changes are marked in one case, moderate in four, 
slight in four, and insignificant in one case. The electrocardiograms illustrating 
the greatest change (Case 1) are shown in Fig. 1. In the record taken imme- 
diately after the subject was tilted (Fig. \,B) it is seen that the cycle length is 
greatly shortened, but that the duration of Q-T remains nearly the same. Thus, 
the change in the relationship of Q-T and cycle length is due to the failure of 
Q-T to shorten to a degree commensurate with the increase in heart rate. A 
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return lo^vard the normal is seen in Fig. l,C, taken nine minutes after the sub- 
ject had been tilted. The same was true in varying degree for all other cases 
save one. 


A 


-- - • 


ITTTT 






a !■>* 




■tliiaiiMttirataa 



• l*T» •• I 


. ... - . - fiSiaaai 






««. t *&•»«•*« taK«««*i^**»««r***9aT«***vn*A****j«********K*‘****** ■■■***"“■** ***?!3'^***!?t !3S'!J 


LEAD , 2- SUBJECT RECUMBENT 


B 


.ik-» a*u» > . t aFft-o-a r* t ett cc«« >*«»< saBaj ■<.£« Me «*t »«•-•« an»«a >n«a* rc*»<&i 

;»iF#«v»9 atAtaaPaKvarviBii 


tAi*- 








'9B*<a«Fc»«4Fi rrrec »s»s*t«s<r' 

.. - - .m •«» « t «»af «cf BFi a » » •»' FI rf r«* • • r f • r • 

4«* **4i.*« * ) < b • I * * a •■ > t < ■ « 1 1 • « 1 : 1 r ' t «t* Bt •' » • i < V*; ■CB..F1 1' ‘ ^4 • • t 1 ■ t • •• • . t • > »■ tt f » r • ■ • « • p k • I . .. ... 

«* »Kva9t'l«iiViBB«ii*<Blu'«««aaa2«a‘««t*‘ia*F**a«««c«a avaBratktaak iL*F(lkri«filS-i4«ailaf«iicaP««»^.. aaa^ataaafetiaA.. 

‘itFarakiiVaaa'BaiBxkaakitfivaBBfkBABft (A* a •««««& iktaa'baa^aaaaB «»aaaB«a*B>ki;aarar««itPPtBrr^*alWP«ratBB*^k:tvi*«P*i«v>B«iBtt( 
,t*9i>>i,i>ll-aia< l■■?a«laaaaa•a««r<r.B*«r^*^■•*BF■••a•<>l•itak*•■a«P*•rtJBa.|><:a•ba^laJ<■«l■aafBaa•e•r-, a-*|p*pf*ait|tf**>»«'-ci 

• •aM«a<ua>aai»jaaa|4itar«ii«vPM«-.taaa*i«4tFa*«Fa.**aa«t«B*««ppactBtsr«t«T<r*|iBat>«i'titiat|k<a*'>lia4»IIFai*»2akt«1 iiipatttbisi 
/■•■ap'raa' aia««faaaatc*a aikaVFaB fBa««asBaBk*^tatar.*»tap'i'aa«iiaaBi(*(rfi~rt*fCt’fhtrf'akBCill9P<tt(a*ralpat 
iaai>aBat.«kaaa4r«aaata9p4<aaa*ark:t*aa*B*aBB9a«%a4<a4PCPv><<4Bak;atkKt' l•ae■:laikra■*a<•tr91••al*t»r■cf|F«kt 
r«-«irai-7ai't9i«"a>taptapa«Fa»««ayBpB»ata*pa*B*a«av»Baa*»a«t«9aktar9«t*a*ll>‘*Blr'(PI**>*ai*‘(«l>(~«4k»aaC*ra%fBa-ii|ifii««ati 
• alk*aa■»«<■a■aatt*^«aB•rTaakB«B»sit9t»CY■tBB•«4tt^«}ktr9|l:«kak^4Balata«B•■B•■^aafCa vatap^fpiBivlvotaiFd'. ■*aikaaPlt«l*i 
«>at*'ti1i-rllt»tll>\t*tC'aaiAP.«aBaa4(taa»p«kt«*a->«P9aaBkpk«pp«ti4ia)ttafk4,.£«r4 fk«rai»;a'i<:ailrpa'*(aspuai>rtyikiakatii 
•4tr«iiaaaaaa«a»«i*ar«afaa«ttasaa**Bi«pac|a*<‘»P4aBa««aB>aati*aa»a*aala»»i(*'»*il9t«4»a*B**/:tll(aatrrt4Jki:<t>t4wtrBcra»«'f> 

■oaFBatiB# aa l•tB«a■t•a•al'•aa£a•■M'aa4••■■aaa■«4a4t*9a « ka«*»t t aap* t kt tt*«raBktitt9ka»ivaaiais*a4aaaBiaaB‘^iiH»ii*ha«BB'«»(ritc*k*rB 
- * ~*a '1 ka>»«ai t«a «ia«aa •••«• ki avaa t vac V« I ^ r * I * ^ t 9 4 P K *P « ■ • I J L <■( t * -■ * 


Bi a«aarb«iv 99 larii*a*ra ‘i*! nikf* 

*•' kata' 'aatBtltW 'atiaBkakS 'tll•(ta•■ MB.aF'k«*. t*|.t-a-k I 

Jt «• • • <a «■ « t \ .k «, tk ' .at \« •<' t« at ■ I kaAt I •« F. rk> I . b 

>4 >k .4ak.<a«t« ^aaufta |«. atkaMi •« .kt>kk •« a» *l l aaaar na ,rr4t«b*(ai aJttkva 

'***‘-''‘-""<iat *»4. 4a«ata>k*> rk*aa.»a aaaaa. f*. aF»*«t. •■ MatakabraltklFaaaiaBIBaakpaviaa; 

f*a.ttkki«(tktas>«kka>iBaaa£aa»aPi'»aaiiaaVita»k«tta*aik«|rtttl>atta4fi>rpp*tBtaaibtiiiBn.-fi: aai 


.9- oaf.-.* ki, ■ tk • 

•4, 'a .* « ». t« fa 

f t 4 •« tk >1 ... 

aaiibk .laaasatf ■ ■ aaaaBk aaa.. -- •-••—a.a 

»*.'fliiaaaaaaitka,i9ia«*««aaaaJtlimta«f<|.iat*»4. 4a«ata>k*. Fkaawaa aaaaa. »•. 

«atara*i>aBakaf«kaa»(kaklakaak<ka|aaa 


*>4., *tia««at'-ifik»aa«k(.a*ak«4 


, aaa4kkkaaaa4«9aat*aa«t«apkatt«<*>.itaBba»a<kkaka*«aBia«kaapaa«\*aa'*aapitktfr>i 

aatit>Btatr»«-»»kra<i*a««ikta»rPkatiPa*«(Pkakat tk:aaiti>a(ti 

k‘>ast‘aaa»8i.iaK4aka**B«*ita itata'ktaaaaiaapita' akbaiaainii 

c r*. Bnr4*«i»»a* 

«!i?ll¥»*4>(r' - 


aki I • , • at « aaa. laaa a ■ " a -f »* i a I kPa«« *98* f aa* tkataataa t Bak takai'.aa <1 «Ma haaak Ma aa * aa pakaata«»f>ai<|a*(a»ai>iatlif 

5s;st-'l^ I r * \ * '"Hf *?''•?*? jsSi'of •■•‘•?*’**»***i****» •*•■■' 


t:sK 


LEAD 2-lMMEDIATELY AFTER SUBJECT TILTED 60^ HEAD UP 


• 1 1 «a«4t8 •<». f 


•a» kiff* 


at •••• ■ 

* k aa I a ( 

* a« a«a • 




• !ia j .i> . .* i« / 1 '• ••• • tFa'Ba •ak»t> 

■ '**ili‘f* **r** aali k**f*t»* ? *t f**" '»! 


aacflaft >a>t«»9t< a a*y i i « Xl t C «.» Pt taaBB ra»*< - ■ mwmmtrmr^^rr^i^wfrwr 

lHa«aleF9«»Baaa«aaa«8a»*3»aaaaaaa«aa 
a<ii«a«>«««ayaai*aa t aBa8a»«>ftaiabkj*«aCaa»ktata*kaaarFk»aa!aaikSra312S!?<St! 
af « BBf f «a4-« •« s/staira«i «f M a aa >a»d8aaA! a! ai.^ SZ crrr..i:3 l£i !! S*?*f ¥*If ¥* ¥ 




il*»Bak»:kknC*»aakaa>tT9BafiTik*v9 %. ' tt ** * ywa 

ra»4«'t/(«xFtpta{t<aa£*e8t8«(vat iv»aai«<f««ar#«»«k <akf/«abi«aFe«tt«t 
• ••'88a*»aef*aaB»a»Btfa<*8»t»a»f*4aa#rs«ta**‘jft*»-»FFrsaKB*i»»*»|Fet'M 

......i XI. — t.. . .. .. -- -- atba*»t-<»*Sr**bf 


LEAD a -NINE .MINUTES AFTER SUBJECT TlLTED 60" HEAD UP 



Rig. 1 

TAni.1-: 1 

Ca'ic 1. Effects of postural change on electrocardiogram. 

. Effkcts ok Ch.ange of Posture ok the Q-T Intervaes 

OF Ten Healthy Young Men 


\ 

i 

1 

CYCl.E I.liNG'rnj 

ACTUAL Q-T 

Q-T cal. 

Q'T cal 

DECREaVSK O.V TILT OK 

1 


! 

CASK ! 

1 i 

I 





1 

1 

1 



NO, 1 

1 

r**Al 1 TU.T i 

! 1 

FL.XT j 

TILT 

FLAT 1 

TILT 

FLAT 

ASH- 

TILT 

1 hazett’s 

ashman’s 

actual 

Q-T 

1 


) 

1 

|BAZETt| 

1 

MAN 

1 

Q-T cal. ' 

t 1 

Q-T cal 

i 


1 

2 

i 

4 

•t 

5 

6 
“ 

K 

0 

m 

1 1 i 

1 36 I .57 j 
: 98 1 .73 ! 

i 68 i .60 ’ 
1 -98 j .65 

i -69 .51 

i -S" 1 .77 

, ‘ 84 

; i 68 

,! \ .(K( i 81 
' 1.06 ; r,2 

1 .48 

40 

1 .32 

1 -35 i 
32 i 

i 

; .35 

! ,34 

■ 34 

1 .3S 

1 

.46 
.40 
.32 
.33 i 
.29 ! 

■ .36 

.36 

.32 

! .34 

1 .30 

; 

; i 

.46 

.39 

.32 

.38 

1 .30 

i .37 
■ ,36 

; .36 

} .39 

1 .40 

i .30 
.34 1 
.30 
.32 1 

.28 j 

.34 1 
.36 
.32 
.35 i 
• 31 

.44 

.39 

.34 

.39 

.32 

.38 

.37 

.37 

1 .40 

L!l_ 

1 

.31 
.35 
.32 
.33 
.29 
.36 
.37 i 
.34 1 
.36 ! 
.32 1 
1 i 

.16 

.05 

.02 

.06 

.02 1 
1 .03 i 

1 .00 1 

.04 I 
.04 1 

.09 1 

.u 1 

.04 1 

.02 i 
.06 1 
.03 
.02 

.00 i 
.03 , 

.04 1 

.09 1 

f ' 

.02 
i .00 

1 .00 

! .02 

; .03 

.01 

^ -.01 

.02 
.00 
08 


K 

0 

m 



HORWITZ JiND GRAYBIEL: PROLONGATION OF Q-T INTERVAL 


483 


COMMENT 

Since the Q-T interval represents the period of electrical ventricular systole 
(that is, from the time of the beginning of depolarization of the upper interven- 
tricular septum until the time of repolarization or the restitution of the polarized 
state in the ventricular septum and apical regions of the heart) we apparently 
are dealing, in these cases, with a retardation of the repolarizing process, such 
as might be produced by a decrease in the number of calcium ions in the blood. 
An explanation for the occurrence of this phenomenon in our cases is extremely 
difficult. It is reasonable to think that it might be due to sympathetic or para- 
sympathetic influence, inasmuch as the relative change in Q-T occurs within a 
few seconds. Nevertheless, such a conclusion can only be verified by future 
electrocardiographic studies. Observations of the Q-T following the administra- 
tion of such drugs as mecholyl, atropine, and epinephrine might provide a clue. 

■ The influence of posture on the electrocardiogram has been studied pre- 
viously, in respect to various aspects of the cycle, including changes of the 
relative length of the Q-T interval. Bazett,'® contrary to our findings, found 
that the Q-T segment was relatively decreased in length on active change of 
posture from the recumbent to the erect position. The formulas (mentioned 
heretofore) all assume that the Q-T will vary inversely with some function of the 
heart rate. This seems to be one instance in which the rate varies, but the Q-T 
remains practically the same. 


SUMMARY 

In the passive change of posture from the recumbent to the 60° head-up 
position, the relative value of the Q-T interval was very markedly increased in 
one case, moderately increased in four, and slightly increased in four; in one case, 
there was no significant change. This appears to be a transient, functional 
phenomenon, probably of neurogenic (sympathetic-parasympathetic) origin. 

It is suggested that Q-T cal. can be used as a convenient designation to 
express the fact that the Q-T interval has been calculated for the physiologic 
variables: heart rate, age, and sex according to any one of the several formulas 
proposed for this purpose. 
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Clinical Reports 


DEATH FOLLOWING CORONARY THROMBOSIS IN A YOUNG 
WOMAN NINETEEN YEARS OF AGE 

Case Report With Autopsy Findings 

Commander Willis F. Evans, Medical Corps, United States Naval 
Reserve (Inactive) and Captain Ashton Graybiel, Medical 
Corps, United States Naw 

A SEVERE degree of arteriosclerosis of the coronary arteries is rare in the 
first two decades of life. Zacks,* in his review of the pertinent literature, 
was able to find five cases of medial coronary sclerosis (and presumably in- 
farction) in infants, and eight cases of coronary thrombosis in persons 10 to 20 
years of age. To this latter group must be added Zacks' case and the case 
report by Juki and Greenstein,' making ten in all. These cases were all men. 

In so far as we are aware, the case presently to be reported is the first recorded 
instance of myocardial infarction in a woman under 20 years of age. White, 
Glendy, and Gustafson^ have reported the case of a woman 22 years of age who 
survived acute myocardial infarction during pregnancy; coronary embolism was 
considered to be a remote possibility. The case of a still younger female has been 
reported by May.^ His patient was 20 years of age and presented the clinical 
and electrocardiographic findings of acute infarction of the heart. 

CASE report 

M. E. W., a young married woman 18 years and 11 months of age, entered the Naval Air 
Station Dispensary March S, 1945, complaining of weakness. The family historj' disclosed noth- 
ing of medical significance. ' There was no past history of rheumatic fever, chorea, diphtheria, 
or tonsillitis. The patient stated that she had suffered from scarlet fever at 3 years of age but 
that there had been no complications. Thereafter, she remained well and healthy until three 
years before admission when there was a sudden onset of paralysis of the left lower portion of 
the face of unknown cause. Recovery from this disorder was complete in appro.'cimateb’’ one 
month. Urinalysis at that time showed albumin. The blood pressure was not taken. 

Shortly after marriage (eight months prior to our examination), she experienced copious 
vaginal bleeding which ceased without treatment. Following this episode, there was progressive 


The opinions and assertions contained herein are the private ones of the writers and are not to be 
construed as official or reflecting the view's of the Navy Department, or the naval service at large, 

Prom the Dispensary and the .School of Aviation Medicine and Research. IT, S Naval .Air Station, 
Pensacola, Florida. 

Received for publication Fol). 2.5. 3017. 
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lo^s of strength and appetite and she began to complain of severe headaches. However, it was 
not until three months before admission to the dispensary that she consulted a physician and 
was found to have high blood pressure. The treatment prescribed afforded some relief but did 
not abolish the symptoms. 

Physical examination on admission revealed a frail, anxious person with moderate facial 
p.illor. She was 5 feet, 4 inches in height and weighed 97 pounds. The temperature, pulse rate, 
and respirations were normal. The heart was found to be slightly enlarged. The sounds were of 
good quality except for accentuation of the aortic second sound. A slight systolic murmur was 
heard over the mitral area, but was not widely transmitted. The cardiac rhythm was regular 
at a rate of 86 per minute. The blood pressure was found to be 190/110. Examination ‘of the 
ocular fundi showed the arteries to be contracted and irregular in size; there was arteriovenous 
nicking but no hemorrhages were seen. The peripheral arteries were soft. The remainder 
of the e.xamination, including the neurological and psychologic aspects, revealed no definite ab- 
normality. 

The results of the laboratory' studies were as follows: the erythrocyte count was 4.9 million 
per cubic millimeter; the hemoglobin was 102 per cent (Salhi); the leucocyte count was 7,850; 
and the differential was normal save for 6 per cent eosinophiles. Urinalysis showed 2 plus al- 
bumin, 6 to 8 white blood cells, and rare red blood cells per high power field. The erythrocyte 
sedimentation rate was normal, and the Kahn test was negative. 

.•\ diagnosis was made of essential hypertension and of hypertensive heart disease. The 
following additional studies were carried out, partly with the view of determining the patient’s 
suitability for sympathectomy. 

The basal metabolic rate was plus twenty^ The electrocardiogram (Fig. 1), taken four days 
after entry shows complete A-V dissociation with an auricular rate of slightly' ov'er 100 and a 
ventricular rate of 50 per minute. In all other respects, the record is within normal limits save 
for rather low but upright T waves in Lead I and inverted (triphasic) T waves in Lead I Vf. Tele- 
roentgenogram of the chest revealed slight cardiac enlargement and slight prominence of the great 
vessels; the lung fields were clear. Intravenous pyelogram revealed no definite abnormality. 
Nine grains of sodium amytal were administered during the course of four hours with no sig- 
nificant reduction in blood pressure A Mosenthal renal function test was carried out and was 
considered to show Viordcrline impairment of renal function. 

Following the completion of the studies, the patient was advised to take a small amount of 
one of the barbiturates and was urged to enter a civilian clinic for further study'. 

Nothing more was heard from the patient until May 14, 1945, ten weeks after she was first 
seen. .At noon, while walking slowly, she experienced moderate pain in the arms extending down 
to the fingertips, but there was no pain in the substernal or precordial areas. This was accom- 
panied by a sensation of weakness, sweating, nervousness, and palpitation. Within three hours 
of the onset of these symptoms, she was seen by one of us (W. F. E.) at which time her symptoms 
had almost subsided. E.xamination revealed the temperature to be normal; the pulse rate, 78 
|K-r minute; and the blood pressure, 196/120. No cy'anosis was observed. The rhy'thm of the 
heart was regular and the heart sounds were of good quality'. No murmur or friction rub was 
heard. The lungs were clear. 

She was advised to rest quietly at home. T hat evening she awakened from a nap much 
refrtsshed and when asked by her landlady how she felt, answered: “I feel fine and I think I’ll 
eat some of that fried chicken you are cooking.” With this the landlady walked out of the room, 
but hurried back when she heard a "gurgling” sound, and found that the patient had died. 


Ahipps}.- I ermission was granted for an autopsy limited to the heart, kidneys, and adrenals 
The aorta was smooth and elastic along its entire length except for numerous elevated athero 
m.-vtous lesions, including plaques in the region of the coronary' ostia. 

The heart, the proximal 15 cm. of the aorta, and a small attached portion of the pulmonar' 
artery, tr.iche.i. .imi tmchcal nodes weighed altogether 395 grams. The wall of the right ventridi 
m-'-iMired .approMinately 5 mm. in thickness, and the wall of the left ventricle, 2 centimeters. 

xentriclc, 5 mm. below the attachment of the postcrio 
me of (he tnnispH. x-nlve, there w.i- a smooth white area of superficial thickening. Fiv 
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millimeters below this there was an area of fibrosis about 2 mm. in diameter. The posterior papil- 
lary muscle showed a well-defined area approximate^ 1 x 0.5 cm. which was white and smooth, 
and which on sectioning appeared to be endocardial thickening or superficial fibrosis. The valves 
showed no lesions. 

Multiple cross sections through both coronary arteries revealed marked thickening of the 
walls and narrowing of the lumen. The right coronary orifice was narrowed. The right coronary 
artery appeared to be completely occluded by a thrombus approximately 4 cm. from its origin. 
The lumen of the left coronary artery, 1.0 cm. from its origin and just proximal to the origin of 
its circumflex branch, was reduced to a narrow slit by atherosclerosis. 

Sections of the posterior wall of the right ventricle, taken through the areas described, showed 
hypertrophied muscle fibers interspersed with extensive connective tissue hyperplasia and re- 
placement fibrosis, the continuity of muscle fibers being lost by intetv’-ening fibrous tissue. 



-XTig. 1 . — Electrocardiogram taken ten weeks before death, showing complete A-V dissociation in the 
case of a woman 19 years of age, who died following coronary thrombosis. 


In a section of the anterior wall of the right ventricle the changes were most striking in the 
epicardial tissue, which showed proliferation of the endothelial surface of the visceral pericardium, 
edema, and infiltration by diffusely scattered lymphocytes. 

The anterior wall of the left ventricle, in a section taken through the base of the septum, 
showed fibrosis similar to that described in the contiguous portion of the right ventricular wall. 
The most extensive area of fibrosis was just beneath the endocardial surface which was involved 
in focal lymphocytic infiltration, beneath which there was an area of hyaline necrosis. 



j.'jp, 2. — Microphoiograph of section of right coronary artery, showing clot still ■ 

partly adherent to lumen 


I-ig. 



it. Microjihotograph of section oflcfi coronary arterj’. showing marked 
atherosclerotic changes of the intima. 
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Sections of the right coronary artery taken from 4 to 5 cm. from its origin (Fig. 2) showed 
that the lumen was eccentrically narrowed by irregular elevations of the endothelium, which had a 
frayed appearance showing loss of cell structure, and foci of necrosis beneath which there were 
deposits of lipoid and fatty globules. There was marked cellular infiltration of the media and sub- 
intima by lymphocytes, plasma cells, and a smaller number of po} 3 'morphonuc!ear leucoc^’tes, 
A fresh thrombus occluded the small, distorted lumen. 

A section of the left coronary artery, 1 cm. from its origin (Fig. 3), showed thickening of the 
vessel wall with distortion and narrowing of the lumen. The endothelial surface was interrupted by 
irregular deviations characterized by subendothelial collections of Ijimphocjtes and surface 
deposition of fibrin and clumps of erythroc}'tes. Beneath these areas, cholesterin crystals, hyaline 
degeneration, and two foci of necrosis were seen. 

The wall of the ascending aorta-, in a section taken just below the arch, showed proliferativ'c 
and degenerative changes in the intima characterized by hjialine necrosis and cholesterin deposits. 
In the adventitia, the perivascular tissue around the vasa v^asorum showed collections of large 
mononuclear cells, unusually large plasma cells, and small areas of hyaline or fibrillary appear- 
ance. 

In the kidney, several small foci of lymphocytic infiltration were found in the corte.\', located 
just beneath the capsule, and associated wdth fibrosis or hj'alinization of the glomeruli in imme- 
diate proximity. There u'as no diffuse fibrosis or degenerative change, the glomeruli of other por- 
tions showing normal histologic structure. The small v>^essels seen in the section showed no lesions. 

A section of the adrenal showed the normal histologic structure. 

SUMMARY 

The history and autopsy findings have been presented in the case of a 19- 
year-old woman with hypertensive and coronary heart disease, who died follow- 
ing coronary thrombosis. The striking feature of the case is the age at the time 
of death. This is the first recorded instance, as far as we know, of a woman 
under the age of 20 years with this disorder. 

There was no evidence of rheumatic fever, diabetes, or xanthomatosis, 
factors vv’’hich may be responsible for the precocious development of arterio- 
sclerosis or atherosclerosis. However, the arterial hypertension almost surely 
was an important etiologic factor in this regard. The cause of the hypertension 
was not determined. It was not secondary to coarctation of the aorta, poly- 
cystic kidney disease, nephritis, aberrant renal artery, or tumor of the adrenal 
gland. 

Complete A-V heart block was present at the time one of the examinations 
was carried out. It can be readily explained on the basis of impaired blood supply 
to the specialized conduction tissue. The fact that it was present only as a tem- 
porary phenomenon suggests that rather dramatic changes in blood supply to 
the conduction tissue occurred during the period prior to the terminal events. 

We are indebted to Lieutenant Commander Eleanor W. Townsend, Medical Corps, United 
States Naval Reserv'e, pathologist, U. S. Naval Hospital, Pensacola, Fla., for the pathologic find- 
ings in this case, and to Dr. William B. Porter of the Mediail College of Virginia for taking the 
microphotographs. 
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PERICARDIAL EFFUSION DUE TO HEMOLYTIC STREPTOCOCCUS 
FOLLOWING AN ACUTE UPPER RESPIRATORY INFECTION ; 
ASSOCIATED PLEURAL EFFUSIONS 

Report of Case and Review of Literature 


Seymour H. Rinzler, M.D., and Sidney Leibowitz, M.D. 

New York, N. Y . 


T here have been an increasing number of reports^-® of the association of 
acute pericarditis, with or without effusion, with an acute upper respiratory 
infection. However, the isolation of the hemolytic streptococcus from the peri- 
cardial effusion in this syndrome is unusual and prompted this report, 

CASE report 

W. J., a S2-year-old white taxicab driver, became ill in the first week of August, 1946, with 
the onset of a sore throat accompanied by chills and a feverish feeling. For the following three 
weeks the patient medicated himself with aspirin, saline gargles, and topical argyrol. Because 
of continuation of the sore throat and fever, he consulted a physician on Aug. 22, 1946, who 
found an exudative, bilateral, follicular tonsillitis with bilaterally tender and enlarged anterior 
cervical glands. Because of distant heart sounds, an x-ray film w-as made. This revealed an 
enlarged cardiac shadow, which was interpreted as being due to a pericardial effusion (Fig. 1). 

, The patient was put on oral penicillin, 100,000 units every four hours, which he continued 
to take until his admission to the hospital six days later; this -was necessitated by the onset of 
increasing orthopnea and pain in the anterior part of the chest, both of which were relieved by 
assuming the upright position. He entered the hospital on Aug. 28, 1946. Further questioning 
on admission did not reveal a previous history of rheumatic fever, heart disease, malaria, or any 
of the enteric fevers. The patient stated that a week prior to the onset of his illness all of his 
family, including himself, drank some raw milk, but that he was the only one who became ill. 

The physical examination revealed the patient to be well developed and nourished. He 
was dyspneic, orthopneic, and slightly cyanotic. The rectal temperature was 100'’ Fahrenheit. 
The pharynx was normal. There, were no distended neck veins in the erect position. There was 
dullness on percussion and diminished breath and voice sounds on auscultation over the left 
lower !ol>c [KjstcriorJy. f he heart was thought to be enlarged slightly to the left. The sounds 
were distant. No murmurs were heard. The radial pulse and ventricular rates were 80 per 
minute and regular. The blood pressure was 100/76. The spleen was felt, 3.0 cm. below the 

tosial margin on inspiration and was firm. The liver was not felt. No peripheral edema was 
prewnt. 

There were 7,600 wldle blood cells per c.mm., with 81 per cent neutrophiles. The urine 
•ana ssis showed a specific gravity of 1.020, the reaction was alkaline, there was no sugar nor 
umin, anr the microscopic examination was normal. The blood sedimentation rate was SO 
hour. Roentgen examination of the chest on admission (Fig. 2) showed a 
effusion at the left base and a slight enlargement of the cardiac sil- 
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liouettc. The blood nonprotein nitrogen was 32 mg. per cent. The serum total protein was 
7.46 Gm. per cent, with 4.33 Gm. of albumin, 3.13 Gm. of globulin, and an albumin-globulin 
ratio of 1.38. The venous pressure in the right antecubital vein was 120 mm. of water. The cir- 
culation times revealed an arm-to-tongue (calcium gluconate) time of 14 seconds and an arm- 
to-lung (ether) time of 6 seconds. Agglutination tests for typhoid, paratyphoid, typhus, and 
brucellosis were negative. The brucella skin test was negative after forty-eight hours. A blood 
culture was negative. An electrocardiogram (Fig. 3, A) showed the T waves to be inverted in 
Leads I and IV and diphasic in Lead II. The electrocardiogram was interpreted as being con- 
sistent with the diagnosis of pericarditis in the subacute or chronic stage. 



^ :f W.J. 

Fig. 1. — Aug. 22, 1940 (six days before hospitalization). X-ray of chest shows enlarged cardiac sil- 
iiouette due to pericardial effusion and obliteration of left costophrenic space. 

Fig, 2. — Aug. 30, 1940 (tldrd day of hospitalization). Note that the cardiac shadow has decreased 
considerably, but that the left pleural effusion persists. 


The course in the hospital is shown in Fig. 4. During the first few days in the hospital, 
the dyspnea and orthopnea, so prominent on admission, practically disappeared only to recur on 
September 3, seven days after hospitalization. This was associated with a shaking chili and a 
temperature of 100.6' Fahrenheit, A blood culture was negative. Thoracentesis of the left 
pleural cavity was done on September 5, and 4.0 c.c. of a thick, light yellow, gelatinous fluid were 
evacuated. Both the culture and the smear of this fluid for acid-fast organisms were negative. 
On September 10, with the temperature at 102.8° F., the patient was started on intramuscular 
penicillin, 30,000 units every three hours day and night. 

On September 12, a pericardial lap in the left fifth intercostal space anteriorly at the nipple 
line was performed and about 65 c.c. of a light yellow, thick, fibrinous fluid was obtained. The 
fluid had a specific gravity of 1.020 and contained many red and white blood cells. Of the white 
blood cells, 75 per cent were polymorphonuclear leucocytes and 25 per cent were lymphocytes. 
The protein content was 3.53 Gm. per cent. Culture yielded a pure growth of Streptococcus 
hacmolyticus. Smear for acid-fast organisms was negative. A cell block showed a sediment made 
up of fibrin, red blood cells, leucocytes, and many large slightly eosinophilic cells containing one 
or more nuclei which tended to be rather large. Many of the neclei had prominent nucleoli. No 
tumor cells were seen. Guinea pig inoculation was negative. The blood sedimentation rate at 
this time w'as 110 mm. at the end of one hour. 
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Fig. 3. — A. Electroctircliogram taken on’ third hospital day. Tj and Tt are inverted: Tj is diphasic. 
li. ICIghtccnth hospital day; Tj and Tj are furtiier inverted. C, Approximately one month after leaving 
liospital: Tj and T; arc still inverted. T 4 is now upriglit. 


Patient W. X 
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Following this paracentesis, there was marked relief of the dyspnea and orthopnea. Six 
days later, this procedure was repeated with the purpose in mind of injecting air into the peri- 
cardial sac for roentgen confirmation of a pericardial effusion. However, despite needling at the 
same site as previously, no fluid was obtained. The penicillin ^vas stopped on September 23 after 
a total of 3,060,000 units had been given in thirteen days. While the serial x-ray films (Figs. 
5, 6, and 7) showed a decrease in the size of the cardiac silhouette, they also revealed a progressive 
increase in pleural fluid at the left base. Thoracenteses were done in the left eighth intercostal 
space posteriorly on September 28, October 3, and October 7. At the first thoracentesis, 220 c.c. 
of a straw'-colored fluid with a specific gravity of 1.020 and a total protein of 3.35 Gm. per cent 
were obtained. The fluid was cultured and a smear examined for acid-fast organisms. Both 
were negative. The second chest tap produced 900 c.c. of a bloody fluid with a total protein of 
3.06 Gm. per cent, which was negative on culture and for acid-fast organisms. A cell block re- 
vealed no tumor cells. An inoculated guinea pig showed no evidence of tuberculosis. The third 
tap was productive of 600 c.c. of bloody fluid with a total protein of 3.41 Gm. per cent. Culture 
of the fluid and smear for acid-fast organisms vas negative. 

An electrocardiogram taken on September 14 (Fig. 3,B) showed further inversion of Ti as 
well as of T i, as compared with the admission graph (Fig. 3,4). 

On October 2, there was another rise in temperature to 102.6® F., accompanied by a recur- 
rence of the dyspnea and orthopnea. A pleuropericardial friction rub was heard in the left 
fifth intercostal space anteriorly at the level of the nipple. The white blood count rose to 17,700 
cells per c. mm., with 63 per cent neutrophiles. The blood sedimentation rate was 40 mm. at 
the end of one hour. Intramuscular penicillin, 30,000 units every three hours day and night, and 
oral sulfadiazine, 5,0 Gm. daily, were started on Oct. 7, 1946. The temperature was normal by 
the next day. Sulfadiazine w'as discontinued after 29 Gm. had been given because of the appear- 
ance of crj^stals in the urine. The penicillin was stopped on October 16 after 2,400,000 units 
had been given in ten days. 

By October 24, the patient had improved sufficiently to be discharged. The spleen was 
still palpable and there was minimal effusion at the base of the left lung. The blood sedimentation 
rate was 17 mm. at the end of one hour. The white blood count was 7,500 cells per c.mm. with 
55 per cent neurophiles. 

The patient was re-examined on November 29. He had no complaints. The lungs were 
clear to percussion and auscultation. The heart was not enlarged and the sounds were good. 
The radial pulse and ventricular rate were 80 per minute. The spleen was felt about 0.5 cm. 
below the costal margin on deep inspiration. There was no enlargement of the liver and no 
peripheral edema. An x-ray of the chest (Fig. 8) showed the heart to be normal in size and the 
lungs to be clear. The electrocardiogram (Fig. 3,C) still showed inversion of T j and T 2 , but T 4 
had become upright. 


‘ • COMMENT 

Although reports on the association of an upper respiratory infection with 
an acute pericarditis (with or without concomitant effusion) are becoming more 
numerous, the isolation of a definite etiological agent in these cases is still un- 
usual. Gardner^ obtained complete recovery by treating with Prontylin one 
patient with a hemolytic streptococcus pericarditis which followed a pharyngitis 
and tonsillitis. This was the only reported instance in which this organism was 
cultured from the pericardial fluid. Willius® and Levine^ infer that the strepto- 
coccus found in the throat may have been the causative agent for the pericarditis in 
their cases, but describe neither taps nor cultures to substantiate this point. 

Nathan and Dathe^ report eight cases as instances of respiratory infection 
and pericarditis. Five patients had an associated pericardial effusion and, on 
paracentesis, four of these were found to be hemorrhagic. Culture, smear, and 
guinea pig inoculation of the fluid yielded no organisms. In one patient there 
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Kip. 5, — Sixtoonth day of hospitalization. Note bilateral pleural effusions. 

Rip. 0. — Thirty-fir.sl hospital day. Cardiac shadow is normal in size. Fluid at left base still present. 



Rip. 7. 


Fig. S. 


1 ii . .. Tblr.j-<!r.%(nth hospital daj’. Koto marked increase In left pleural elTusion. Thoracentesis 

evacuatetl 900 c.c. of hemorrhagic fluid. 

f i«. Atijirtixlnwiei} one month after tiischarge from hospital. X-ray of heart and lunps is normal. 
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was an associated pleural efifusion. The peripheral white blood count varied 
between 6,000 and 27,400 cells per cubic millimeter. They postulate that in- 
volvement of the pericardium may occur by spread from the contiguous hilar 
lymph nodes or by a hypersensitive response of the pericardium to an offending 
organism, the immune reaction of the body being inadequate. 

Nay and Boyer® review fifteen cases of acute pericarditis in' which the 
etiology was undetermined. The existence of an associated upper respiratory 
infection is not definitely stated. None of these patients had any past or present 
histor}'- of rheumatic fever. In ten patients, there was a pericardial effusion. 
In twelve instances, the onset of the pericarditis was extremely abrupt, with 
sudden severe precordial pain and usually with chills and fever. The pain was 
aggravated by deep respiration, and by twisting the trunk and by swallowing. 
Leucocytosis was exceptional; only four patients had white counts above 9,000 
■ cells per cubic millimeter. These counts were 12,000, 21,000, 16,000, and 33,000 
cells, respectively. Fourteen patients had electrocardiographic evidence sug- 
gestive of pericarditis. 

Smalley and Ruddock® report three cases of pericarditis following pharyn- 
gitis. One case is reported in detail. Three pericardial paracenteses yielded a 
total of 1,870 c.c. of a cloudy yellow fluid but in none was a positive culture 
obtained. The patient was treated successfully with 3,840,000 Oxford units 
of penicillin parenterally. 

Hall® in 1925 cured a patient with intravenous mercurochrome after a 
hemolytic streptococcus (isolated from the blood stream) had resulted in an 
acute pericarditis. There was no concomitant effusion, so that no culture was 
taken directly from the pericardial sac. 

The course of events in our patient’s illness would then seem to be as follows: 
his illness started with tonsillitis. Although Ave have no cultural proof, Ave 
strongly suspect that the tonsillitis AA^'as the result of streptococcic infection 
since Rantz, Boisvert, and Spink^® have shoAAm that the combination of exudative 
tonsillitis and pharyngitis Avith tender anterior cervical glands permits the 
diagnosis of a hemolytic streptococcus' infection Avith a high degree of accuracy, 
even AAdthout a bacteriologic study of the flora of the throat. Within three 
AA'-eeks, a pericarditis A\dth effusion had occurred AA'-hich necessitated hospitaliza- 
tion. Culture of the pericardial fluid on one occasion yielded a pure groAvth of 
hemolytic streptococcus. The course AA'as complicated by left pleural effusion 
which Avas repeatedly sterile. Taa-^o courses of parenteral penicillin AA’-ere necessary 
to combat the infection. The success A\dth penicillin is not unexpected.^^ 

The electrocardiographic picture (Fig. 3) is compatible AAdth pericardial 
im^olvement in the later stages,^® Young® and Rantz, Spink, and Boisvert’® 
have shoAvn, hoAV’-ever, that similar electrocardiographic findings may occur 
AAOth upper respiratory infections in the absence of clinical pericardial inA''olve- 
ment. 

SUMMARY 

1. A case is presented of a 52-year-old man Avith pericardial and pleural 
effusion Avhich folloAA’-ed an acute upper respirator^’’ infection. Culture of the 
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pericardial fluid yielded a hemolytic streptococcus. Treatment with penicillin 
was successful. 

2. The literature is reviewed, and the rarity of isolation of the hemolytic 
streptococcus from the pericardial effusion in such cases is stressed. 


ADDENDUM 

The patient was last seen on Oct. 22, 1947, a year after discharge from the hospital. The 
heart was normal in size. Blood pressure was 150/90. The spleen was no longer palpable. The 
electrocardiogram showed Ti and T. to be upright, though low. 
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INTERATRIAL SEPTAL DEFECT ASSOCIATED WITH 
SYPHILITIC AORTIC INSUFFICIENCY 


Morris Lipson, M.D. 

Los Angeles, Calif. 

* 

A RECENT post-mortem study has clarified an apparent clinical incon- 
sistency and has revealed to us a combination of cardiac lesions which may 
be diagnosed prior to death. Syphilitic aortic insufficiency, coexisting with a 
large interatrial septal defect, was demonstrated in one case. The files of over 
30,000 autopsies performed from 1929 to 1946 at the Los Angeles County Hospital 
contained only one other case of a similar nature. 

The physical signs, when associated with the electrocardiograms and roent- 
genograms, are fairly distinctive. 

There are several excellent articles which are quite complete reviews of the 
literature in regard to interatrial septal defect and associated acquired valvular 
lesions. McGinn and White^ in 1933 presented and summarized the clinical and 
pathologic findings in twenty-four cases showing the combination of mitral stenosis 
and interatrial septal defect. Roesler- in 1934 reviewed sixty-two cases illustrat- 
ing the clinical and anatomic peculiarities of interatrial septal defects. In at 
least three-fourths of these cases, vahmlar lesions were found which affected 
predominately the mitral orifice. There was no case with an isolated definite 
aortic regurgitation associated with the septal defect present in his series. Tin- 
ney^ in' 1940 reported two autopsied cases of uncomplicated interatrial septal 
defect. He also reported on twenty-two others gleaned from the literature since 
Roesler’s review. He found that 68 per cent of the twenty-two cases had chronic 
valvular lesions. In one-half of these the lesion was mitral stenosis. Burrett 
and White^ in 1945 presented a clinical analysis of comparative studies in the 
sixty-two cases collected by Roesler and thirty-one autopsied cases collected since 
that date. Certain criteria for the recognition of uncomplicated interatrial septal 
defect, as well as for the recognition of the septal defect associated with mitral 
stenosis, were presented. Mitral stenosis was found in nineteen of the thirty- 
one cases. 

The association of syphilitic aortitis, mitral stenosis, and interatrial septal 
defect was reported by Kirshbaum and Perlman® in 1939. As the patient died 
on admission to the hospital, there was no time for a clinical study of this case. 
With this exception, the literature contains no report which the author could 
find associating interatrial septal defect with aortic insufficiency on a syphilitic 
basis.' 

From the Departments of Pathology of the Los Angeles County Hospital and the University of 
Southern California School of Medicine, Los Angeles, Calif. 

Received for publication March 5, 1947. 
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1,1 keeping M-ith the established criteria as presented by several of the 
an, hors here noted, the files of the Los Angeles County Hospital were searched 
for eases of interatrial septal defect. Twenty-three cases were found in which the 
delect was greater than 1.0 cm. in diameter and in which no other congenital 
cardiac anomaly was present. All patients in this series were older than one year 
of a-e. Of these, nine had an associated mitral valvulitis. Only two patients 
had aortic incompetence due to syphilitic aortitis. The latter two cases form the 
suiisiance of this report. 

CASE REPORTS 

C.\SE 1.-— r. M.,a 60-year-old Mexican farmer, first entered the Los Angeles County Hospital 
on Feb. 16, 1945, because of pain in the precordium which was aggravated by eating a heavy mea 
and bv exercise. He also had ankle edema during the day. These sj^ptoms had been present 
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for only a few weeks. A summary of the past history re%'ea!ed that his blood Wassermann was 
positive in 1937 and 1938. He received a course of twenty-four intravenous and twelve intra- 
muscular injections. The patient was discharged on March 9, 1945, on a cardiac regimen. He 
was followed both in the hospital and in the outpatient clinic until his death on Sept. 15, 1946. 
His last admission to the hospital was on Sept. 10, 1946, when he entered in severe congestive 
heart failure. 



Fig. 2. — Case 1. The frontal view of the telcroentKcnogram .«how.s tlir- markeUly dllaJcd pulinonar.i 
artery with very prominent hilar markings. I’ulmonary artery; L.V., left ventricle; R.A., right 

atrium. 

Physical findings were quite similar on each admission and arc summarized. The blood 
pressure was 160/45. The patient was well developed and well nourished.- He was orthoptieic 
and had pitting edema of both ankles. The carotid pulsations were accentuated and a venous 
pulse was noted. In the lungs, there were a few fine basal rales bilaterally. The heart was en- 
larged to the anterior axillarj- line in the sixth intercostal Sfiace. The oirdiac rate was 120 per 
minute and was irregular. A loud lo-and-fro murmur was heard at the aortic area and in the 
third left intercostal space at the left sternal border. At the apex was a longer and lower-pitched 
systolic murmur. There was no diastolic mtirmur heard at the apex. The liver was palpable 
three fingerbreadths below the right costal margin. The extremities reve.aled pitting ankle 
edema. . 
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11 rJcrht axis deviation. The latest electrocardiogram was 

Tte sho>«d auricular fibrillation, right aula deviation, and digi- 

r" MR..' ) The tcleroentgenogranrs revealed a markedly enlarged heart tv,th both r^ht 

tabs effect (Figs. ). itiete i, transverse diameter of the heart measured l/.2cm., 

and left ^ ent^cular ^>P'^’'^™P^Ynrrnrdine to the Hodgcs-Eysteri* correlation. The pulmonary 
M,id. U 43 per cent over normal ^ L„ent hilar shadotva tvith marked 

““ Th. bloo^d Wasaerma„n and Kahn testa mere 

IXlsiti'T. 



J’lc. 3. — Case 1. Tlio largo interatrial septal defect is seen from the right side of 
the heart. Note the marked right ventricular hypertrophy. 


Pathologic Pbidings: The jxist-mortcni examination revealed the body of a 60-year-old 
Mf-vican man, which weighed 45.3 kilograms and measured 155 cm. in length. It was well de- 
veloped and well nourished. There was pitting edema of the ankles. 

The pericardium was slightly thickened and was adherent to the base of the aorta in its upper 
portion. 1 he pericardial sac contained about 50 c.c. of a light amber-colored fluid. The heart 
teas enlarged and weighed 700 gp-ams. Both ventricular chambers were dilated. The aortic 
valve cusps %vcrc shrunken and deformed. TIte commissures of the cusps were separated and 
thickened. The free margins were juodcrately thickened and the base of the aorta was very rigid. 
I he aortic ring measured /.5 cm. in circumference; the valve was incompetent. The pulmonary 
valve ring v.as dilated and measured 9 centimeters. The pulmonary artery distal to the valve 
ring was i2 cm. in circumference. The mitral valve measured 11 cm. and the tricuspid valve 
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measured 15 centimeters. The ostia of both the right and left coronary arteries were markedly 
stenosed and admitted only the tip of the small poiiit of the scissors and measured less than 1.0 
mm. in diameter. The coronary arteries distal to the ostia, however, were quite wide and patent 
throughout, with only a very minimal amount of atherosclerosis. The interatrial septum con- 
tained a large defect which measured 3.5 cm. in diameter (Fig. 3). This defect appeared to be 
congehital in origin. The margins were smooth and the defect was located in the lower part of 
the septum. In the right atrium there were a few firmly adherent, small ante-mortem thrombi. 



J''ig. 4 '. — Case 1. The syphilitic aortitis is seen together with the hypertrophied left ventricle. 
The stenosed coronary ostia can scarcely be seen just above the deformed aortic valves. 


Both atria were considerably .dilated, the right more than the left. The right ventricle was also 
very dilated. The myocardium was hypertrophied and there was diffuse scarring present. The 
left ventricular wall measured 17 mm. in thickness while the stretched right ventricular wall 
measured from 6 to 8 millimeters. The papillary muscles of both ventricles were hypertrophied.' 
The ascending aorta measured 9.5 cm. in circumference and showed both longitudinal and trans- 
verse wrinkling, with numerous pearly plaques. There was fairly diffuse atheromatous change in 
the intima (Fig. 4). The .descending aorta showed a moderate amount of atherosclerosis. 
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Microscopic sect ions of the aorta tverc diagnostic of syphilitic aortitis. Sections taken from 
the margin of the interatrial septal defect showed normal cardiac muscle without evidence of 
any inflammator}' changes. The left ventricular wall showed diffuse fibrosis. Sections from the 

ptilmonarv artery were normal. _ _ , 

The anatomic diagnoses were: (1) Syphilitic heart disease due to syphilitic aortitis with 
insufficiency; (2) congenital heart disease with interatrial septal defect; (3) left and right ven- 
tricular hypertrophy: and (4) chronic passive congestion. 


Case 2.~M. C., a 67-year-old white woman, entered the Los Angeles County Hospital on 
Oct. 9, 1942, with ankle edema, palpitation, and moderate d^'spnea. Although these symptoms 
had been present for four years, they had become much worse during the past three months. 
Since 1938, the blood W^ssermann was known to have been positive. She had two courses of 
arsenicals and three courses of bismuth since that time. Digitalis also had been taken sporadi- 
cally in the past four years. 

The physical e.xamination revealed an elderly woman in no acute distress. The systolic 
blood pressure was 170; the diastolic could not be accurately determined, since the sounds were 
heard to zero. The neck veins were moderately distended. The heart was moderately enlarged 
to the left. The apex was in the fifth intercostal space lateral to the mid-clavicular line. There 
were no thrills palixible. The rhythm was irregular and slow. There was a Corrigan pulse and 
“pistol shot” sounds were elicited over the large vessels. The pulmonic second sound was louder 
than the aortic second sound. There was a systolic murmur at the apex transmitted to the axilla. 
There was a diastolic blowing murmur present in the first Intercostal space to the right of the 
sternum. It was also heard to the left of the sternum in the third and fourth intercostal spaces. 
There was dullness with impaired fremitus over the right posterior chest. Numerous moist r&les 
were heard in both lungs. The liver was palpable four fingerbreadths below the right costal margin. 
There was pitting edema of both lower e.\tremities. 

The electrocardiogram showed auricular fibrillation, right axis deviation, and digitalis effects 
(Fig, 5). The patient expired before roentgenographic studies could be made. The blood 
Wassermann and Kahn were positive. 


Pathologic Findings: The post-mortem e.xamination revealed the body of a well-developed, 
fairly well-nourished white woman 67 years of age, which weighed 56.9 kilograms and measured 
156 cm, in length. The pupils were dilated and equal. There was no trauma to the head or body. 
There was no palpable adenopathy. Edema of the ankles was present. A midline scar below the 
umbilicus was present. 

The pericardium was smooth and glistening. The pericardial sac contained several cubic 
centimeters of clear yellow fluid. The heart within the chest cavity showed a markedly dilated 
pulmonary arterx' which almost completely hid the aorta. The enlargement of the heart was due 
primarily to the enlargement of the right atrium and right ventricle. The heart weighed 550 
grams. The aortic valve measured 8 cm. in circumference and showed thickening and shortening 
of the margins of the cusps with separation of the commissures. There was marked tree-barking 
of the aort.a just above the aortic valve. The mitral valve measured 8,5 centimeters. Cialcific' 
noiiulcs were present in the endocardium of the valve. The chordae tendincae were not shortened 
or thickened. The left ventricular wall measured only 13 millimeters. The right ventricle was 
cMremely dilated and hyiierlrophied and the stretched wall measured 6 millimeters. Although 
the left atrium appeared normal, the right atrium was considerably dilated. The pulmonary 
arteiy measured 11 cm. in circumference. The pulmonary valve and the pulmonary artery 
•mi! Us branches were widened throughout. There were atheromatous plaques present on the 
nit iinal surface of the branches. The tricuspid valve measured 16 centimeters. The foramen 
c osed, but just superior to it there was a large defect which measured approximately 
- by a centimeters. The coronary’ ostium of the right coronary artery was only pin-point in size 
ui. t le res t. t irotighout its length was not narrowed. The left coronary artery was normal 
m '-“^course and distribution and was patent throughout. The myocardium was firm and brown 


'Hie micrcr-~-op!c sections of 


the aortic valve showed the changes.of syphilitic aortitis. 



LIPSON: INTIiRATRIAL SEPTAL DEFECT 


503 


The anatomic diagnoses were: (1) Syphilitic heart disease due to syphilitic aortitis with 
insufficiency; (2) congenital heart disease with interatrial septal defect; (3) right ventricular hyper- 
trophy; and (4) chronic passive congestion. 
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Fig. 5. — Case 2, The electrocardiogram show's right a.vis deviation, auricular 
flbriilation, and digitalis effects. 


DISCUSSIOiV 

The clinical diagnosis in each of these cases was syphilitic aortic insufficiency 
with congestive heart failure. The clinical criteria which substantiated such 
a diagnosis were the usual findings of an enlarged heart, an aortic diastolic mur- 
mur, a Corrigan pulse with a very wide pulse pressure, and a history of syphilis 
with positive serology. 
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There were several inconsistent findings in both of these cases which made 
the given clinical diagnosis, by itself, untenable. The most apparent one was 
the presence of right axis de\nation on all the electrocardiographic tracings in 
the presence of what appeared to be a free aortic regurgitation. Uncomplicated 
aortic insufficiency usually will cause left ventricular preponderance with left 
axis deviation. Auricular fibrillation is very uncommonly associated with 
syphilitic aortic regurgitation.® Auricular fibrillation was evident from the elec- 
trocardiograms in both of these cases. Extreme dilatation of the pulmonary 
artery, as was seen from the roentgenograms in Case 1, does not fit in with the 
pathologic physiology of simple aortic insufficiency. The pulmonary artery in 
Case 2 was also very dilated and would undoubtedly have shown up on roent- 
genograms had they been taken. 

From the foregoing, then, one should suspect that something more was 
present than uncomplicated syphilitic aortic -insufificiency. The answer was 
found by the post-mortem studies already discussed. In both patients there 
was a large interatrial septal defect. 

The embrj'ology of defects of the interatrial septum are well described by 
Patten.® Uhlej'® has given an anatomic as well as a physiologic explanation 
for the right-sided hypertrophy in hearts with an interatrial septal defect. He 
has presented e\ddence to show that the interatrial septum normally lies horizon- 
tally when the body is erect. The left atrium is superior to the right atrium in 
the erect position. The force of gravity, then, even in an uncomplicated inter- 
atrial septal defect, tends to cause right atrial dilatation and hypertrophy. This 
phenomenon is accentuated when, for any reason, the left ventricle fails. 

In a heart with a simple congenital interatrial septal defect, auricular 
fibrillation is not unusual. 

Consequently, when the clinical diagnosis is syphilitic aortic insufificiency, 
but the electrocardiograms show right axis deviation and possibly auricular 
fibrillation and the roentgenograms of the chest reveal a very dilated pulmonary 
artery v ith increased hilar shadows, consideration should be given to the diagnosis 
of syphilitic aortic insufficiency complicated by an interatrial septal defect. 


SUMMARY 

1. Tvo cases of syphilitic aortic insufficiency associated with a large 
interatrial septal defect are presented. 

diagnosis of such a combination of lesions may be suspected before 
u-itli * 1 ^ ^ mical syndrome of syphilitic aortic insufificiency is associated 

fihntK^In evidence of right axis deviation and possibly auricular 

arterv'^ roentgenographic findings of a distinctly dilated pulmonarj'^ 


Rcstions and commeliL .Sso J S’ to*! hank helpful sug- 

nholography. ’ ‘ I‘ bo^berg and Mr. L. Matlovsky for the 
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Roolicr, W. IM., Frcncli, D. M., and Molano, P. A.: Further Studies on the Acute Effects 
of Intra-abdoininal Pressure. Am. J. Physiol. 149:292 (May), 1947. 

It has been shown that in all instances death can be produced sooner or later by maintaining 
an increased intra-abdominal pressure, which causes a circulatory failure produced from a venous 
stasis with consequent loss of plasma into the abdomen and the usual events to follow. It mattered 
not whether the air (used to increase the pressure) was introduced into stomach, intestine, or 
peritoneal cavity. A given pressure seems to cause an earlier circulatory failure and death in 
animals with small abdominal areas than the same pressure in animals of larger abdominal areas. 
Increasing the intra-abdominal pressure causes an increase in thoracic respiratory activity, most 
likely due to inactivity of the abdominal muscles. There is suggestive evidence that increased 
intra-abdominal pressure causes a damage to the myocardium which is ascribed to narrowing 
of the coronary' arteries via the vagal pathways. The tendency of the QRS complex to return 
tonard normal following sectioning of the \'agi lends weight to this postulation. 

Bernstein*. 


Ixie, R. E., and Lee, N. Z. : The Peripheral Vascular System and Its ReacUons in Scurvy: 

An Experimental Study. Am. J. Physiol. 149:465 (May), 1947. 

In the absence of information concerning the physiology of the peripheral vascular bed in 
scurvy, it was decided to make direct microscopic obserx'ations on the reactions of the smallest 
TOO ^ es^e s m iv mg scorbutic animals. The method used involves observ'ation with the micro- 
scope of the mesentenc capillary' bed in guinea pigs which are not under general anesthesia. 

nrW 'n ^'ascular apparatus in scurvy, as found, displays at least 

of the nrilriTl '■^sponsiveness of the contractile elements, particularly 

musrulir t 'T pulsatile small arteries, to epinephrine, with dilatation of these 

leriine venules ^ vV ® blood; and (2) A tendency of the terminal col- 

wlih trauma. become dilated and engorged and to rupture 

phrinc lests^were wiild*^ (more than 100 to 150 micra in diameter) to topical epine- 

-mall collc-iin'^ venules wh^lT petechiae were located in the 

opilhri^w^re of the it H ^“^butic animals the 

capilhry wall were obserx-ed. controls, and no abnormalities of the 




-Sosman. M. C.: VenoiTc . • 

Errors. Radiology' 48:441 (^^^"*^^ 947 ” Heart. I. Indications, Teclinics, and 

by venous catheteriza- 

•*pas!n vairh preventccl nroncromniils" These failures were attributed to veno- 

r:c!- which did not have a proper curve”” H ^ ® ^^beter m two patients, to a defective cath- 

Proper curve and could not be properly guided in two instances; other 
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failures were attributed to kinking of the catheter at jiiction points in the venous system, to 
inexperience early in the series, and to lack of cooperation on the part of the patient. Ten autop- 
sies performed on patients who succumbed to their disease or conditions unrelated to the procedure 
showed no trace of damage to the lining epithelium of the superior vena cava, right heart, nor 
pulmonary arteries. 

The author used a number 9 French catheter made of radiopaque woven silk 100 to 125 cm. 
in length, with-a single orifice at the tip. The catheter is flexible, yet sufficiently stiff that it can 
be twisted at its exposed end without buckling. The tip is slightly curved to facilitate its passage 
into the different parts of the cardiovascular sj'stem. Under aseptic precautions, following a 
liberal infiltration of the antecubital fossa with novcaine, an incision is made in the right or left 
median basilic vein. The catheter is then threaded into the vein and advanced to the desired 
area under fluoroscopic guidance. Spot films are taken of the various parts corresponding to 
the areas from which samples of blood are taken for analj'sis; the films are properly labelled to 
correspond to the blood samples. Continuous perfusion with normal saline prevents clotting 
of the blood in the catheter. 

The comfort of the patient is important for the success of the procedure. A synthetic rubber 
mattress is placed on the fluoroscopic table (this does not interfere with fluoroscopj’- or films) 
and a rigid arm support is used. 

ZiOX. 

Dexter, L. ; Venous Catheterization of the Heart. II. Results, Interpretations, and 

Value. Radiolog}' 48:451 (May), 1947. 

The use of venous catheterization in the study of congenital heart disease offers an oppor- 
tunity for the estimation of the physiologic magnitudes of the shunts of blood and the circulatory 
dynamics. 

Venous catheterization may be helpful in the recognition of atrial septal defects in the follow- 
ing manner: (1) The catheter may be introduced through the defect; and (2) arterial blood may 
be aspirated from the right auricle. The recognition of uncomplicated ventricular septal defects 
depends on the finding of a significantly higher oxygen content of the blood in the right ventricle 
than in the right auricle. A patent ductus arteriosus is detectable by finding a higher O 2 content 
of the blood in the pulmonary artery than in the right ventricle. The author presents several 
histories of confirmed cases of each of these types of congenital lesion. Charts of the O 2 content 
and pressure of the right auricle, right ventricle, pulmonary artery, and capillaries are included. 

Since cure or improvement of certain types of congenital heart disease is possible by 
surgical intervention, venous catheterization promises to be an important aid in the diagnosis. 

ZiOK. 


Freeman, N. E., and Slorck, A. H.: Successful Suture of the Abdominal Aorta for 

Arteriovenous Fistula. Surgery 21:623 (May), 1947. 

The authors state that Pemberton and associates performed the first successful repair of an 
arteriovenous fistula involving the abdominal aorta, and that their case which is reported in this 
paper is the second one successfully operated upon. The patient was a battle casualty who 
suffered a bullet wound of the abdomen three inches below the ensiform cartilage, just to the 
right of the midline. He was paralyzed from the waist down. An emergency laparotomy revealed 
a large retroperitoneal hematoma. During the next two months, a pulsating epigastric mass with 
an intense thrill was noticed. Four months after injury an operative repair of the fistula was 
carried out through a right paramedian incision. Exposure of the aorta was obtained by incising 
the peritoneum and transversalis fascia to the left of the midline and reflecting the contents of the 
left side of. the'abdomen to the right. Bleeding from the aorta was controlled by passing rubber 
tubings around it just below the diaphragm and again just proximal to the inferior mesenteric 
artery. The left renal artery, also, was surrounded by tubing. The aorta was separated from 
the fistula and closed with a transverse running stitch of No. 000 Deknatel silk. 
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Tlie postopcnitivc course was complicated by a temporary anuria and azotemia and also 
by a transient increase in the paralytic signs of the lower extremities. At a follow-up examination 
eight months later the patient was free from recurrence of the fistula and the paralytic signs had 
cleared considerably. 

Lord. 

Hector, E. W.: Evaluation of the Basal Vascular Tone Test as an Indication for Sym- 
pathectomy in the Treatment of Surgical Lesions of the Major Arteries. Surgery 
21:630 (.May), 1947. 

Naide and Sayen have described a test for the measurement of vascular tone in which the 
skin temperature response of the finger tips during a cooling period of fifteen minutes in a constant 
room temperature of 20° C. is determined. If the temperature of the finger tips is below 25° C, 
then the patient is considered to have high v'ascular tone. On the other hand if the temperature 
of the finger tips remains above 25°C., then the patient has low vascular tone. 

By means of this test, Rector attempted to evaluate the collateral circulation of patient^ 
with a major arterial lesion of an extremity in which surgical correction of the lesion was con- 
templated. If the vascular tone was high, sympathectomy was employed as an adjunct measure. 
The results were compared with the clinical evaluation of the patient's collateral circulation and 
increased vascular tone, as judged by such signs as cyanosis, sweating, and constricted veins. 
The author concluded that the clinical ev’aluatlon of the basal vascular tone of the patients studied 
was more accurate than the cooling method of Naide and Sayen. 

Lord. 


Masscll, T. B.: The Fluorescent Wheal Test for Collateral Circulation in the Preopera- 
tivc Evaluation of Patients With Aneurysms and Arteriovenous Fistulas. Surgery 
21 -.636 (May), 1947. 

The author has studied the collateral circulation of twenty-eight patients with arteriovenous 
fistulas and aneurj’sms by means of the Matas-Moszkowicz flushing test and the fluorescent 
wheal test of Nellerand Schmidt. For both tests a modified Matas compressor was used. When 
an important collateral branch arises immediately proximal to the aneurysm, both tests may 
give faulty information about the collateral circulation because of compression of this vessel 
along with the main arterj' leading to the aneurj’sm. With this exception, both tests give useful 
data, although the fluorescent wheal test is somewhat more accurate, simpler, and less painful 
to the patient, and also gives a more accurate, reproducible end-point than the Matas-Moszkowicz 
test. 

When the collateral circulation proved inadequate, lumbar sympjathetic blocks usually pro- 
duced significant improvement when the collateral circulation was tested by these two methods. 
If improvement was noted, lumbar sympathectomy was carried out in some patients with in- 
volvement of the popliteal artery. 

Lord. 


tiondorclli, L.; Physiopalliology of the Venous Circulation. Atti Societa Italiana 
Cardiologia, p.agc 5 (May 2), 1943. 

\ enous pressure has been studied by means of continuous kymographic tracings. The 
.author considers the venous s^'stem as having a "free flow" and reflecting chiefly the resistance 
0 . the veins. This resistance is the result of venous tonus. Oscillations of venous pressure of 
rom 5 to 20 mm. of water, lasting twenty to sixty seconds, were observed. Slower oscillations, 
ifiung rom five to ten minutes, also were seen. Numerous studies concerning the regulation of 
venous tonus and several functional tests were studied. 

, *t!thor confirnis the existence of venous hypertension in acute and adhesive pericarditis, 
- steno.sis. A further cause of venous hypertension is congestive failure which. 
.accornjKnicd by increase of venous tonus. Low venous pressure is common 
o.d age. and seems he asiocrated with hypotonus of the veins. The speed of venous circula- 
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tion was studied by two successive injections of decholin, one in a vein of the hand, the other in 
one of the veins of the arm (or by similar injections in the veins of the lower limb). The differ- 
ence between the two circulation times represents the velocity of the blood between the two 
points. 

The hand-to-elbow time varies from 40 to 120 seconds; the foot-to-femoral time, from 32 to 
100 seconds. 

Luisada. 

Selvini, A.: New Suidies on the Differential Theory of the Electrocardiogram. Cuore 

e circolaz 31:69 (May-June), 1947. 

The author discusses the so-called "differential theory” of "the electrocardiogram. According 
to this, the electrocardiogram results from the algebraic summation of two monophasic curves. 
In order to verify this theory, the author ran a series of animal experiments. His aim was to 
obtain two monophasic currents, actually caused by the heart, and to determine the result of their 
summation. 

A first series of, experiments was made with two isolated frog hearts. In each of these the^ 
currents were obtained by applying an electrode over a previously injured area of the myocardium 
so that each of the two hearts gave a monophasic curve." When the two hearts were connected 
with the two electrodes of a galvanometer, the resultant cuiwe was that of a normal electrocardio- 
gram. A slight asynchronism between the rates of the hearts caused first simultaneous mono- 
phasic waves of an opposite direction, then progressive summation with a normal electrocardio- 
gram. 

A second series of experiments was performed on guinea pig and dog hearts. Two unipolar 
leads with opposite polarity from two damaged areas (one at the base, one at the apex) of the 
exposed heart were connected to a galvanometer through an interposed free electrical field, repre- 
sented by physiologic salt solution in a Petri dish. While the two separate unipolar leads gave 
monophasic waves, the summation of the two, owing to a slight asynchronism , gave a nearly normal 
electrocardiographic complex. Various considerations on the possible applications of this differ- 
ential theory follow. ' 

Lujsada. 

jVIacbt, D. I.: Thromboplaslic Properties of Penicillin and Streptomycin. Arch. 

internat. de pharmacodyn. et de therap. 74:399 (June), 1947. 

An extensive investigation was undertaken by the author to ascertain the frequency and 
degree of the thromboplastic effects of penicillin in the blood of higher animals. Not only was 
the ordinary amorphus penicillin examined, but also the more recent crsytalline sodium, salts 
of penicillin and the isolated crystalline penicillin principles. Streptomycin was also tested. 

In this report oyer 200 experiments on blood coagulation were performed by the Lee-White 
method. These studies were confined to the clotting of whole blood. The majority of the experi- 
ments were made on rabbits and cats, although a few experiments were also made with dog’s 
blood and human blood. 

Amorphous penicillin of every brand examined produced marked acceleration of clotting 
time, whether injected intravenously or intramuscularly and even when mixed with amphojel 
and administered by stomach tube. The onset of this property can be noted usually within fifteen 
or twenty minutes after injection, but in some cases it is most marked about one hour after in- 
jection. The effect persists usually for several hours. When the newly produced sodium salt 
of crystalline penicillin (C.S.C.) was examined, however, the thromboplastic effect was much 
less striking. The author secured and examined the comparative effects on coagulation of the 
four crystalline penicillin principles. Penicillin G (benzyl-penicillin) and penicillin F (Pentenyl- 
pehicillin) were much less thromboplastic in their efficiency than penicillin X (hydroxy-benzyl- 
penicillin) and K (heptyl-p.enicillin). To express this in another way, penicillin X is the most 
thromboplastic and is followed closely by penicillin K, while penicillin G and F are not very 
markedly active in this respect. It was found that a small dose of penicillin X added to peni- 
cillin G produced a synergistic effect and hastened coagulation much more than a large dose of 
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penicillin G alone. Streptomycin was found to be also markedly thromboplastic for blood of 

rabbits and cats. _ _ 

The author states that amorphous penicillin produces marked acceleration in clotting time, 

irrespective of whether it is administered by vein or parenterally. The newer cr>>’stalline peni- 
cillin (C.S.C.) was not as thromboplastic as the amorphous preparation. He points out that 
when rabbits were repeatedly used for these experiments, the coagulation time of those animals 
was shortened for long periods of time so that for examination of new preparations fresh animals 
had to be employed. Also, this shortening of coagulation time in rabbits and cats could be 
antagonized and cancelled by suitable doses of dicoumarol administered by stomach. It is the 
opinion of the author that, ne.xt to the chemotherapeutic properties of penicillin and streptomycin 
and to their low toxicity, the most important pharmacologic finding is their thromboplastic 
activity. 

Bellet. 


Vineberg, A. M., and Jewett, B. L.: Development of an Anastomosis Between the 

Coronar>- l^cssels and a Transplanted Internal Mammary Artery. Canad. M. A. J. 

.56:609 (June), 1947. 

In 1946, one of the authors described an anastomosis between the left internal mamniaiy’ 
artery and the left coronary' circulation, which occurred in a dog ninety-nine days after trans- 
plantation of the left internal mammary' artery into the wall of the left ventricle. These ex- 
periments have been continued with the basic objective of supplying a fresh source of arterial 
blood to the heart muscle. To do this the left internal mammary artery has been partially re- 
moved from its normal position on the chest wall and implanted into the myocardium of the 
left ventricle. 

In a series of dogs, the internal mammary' artery was tied at its distal end between two liga- 
tures and cut. The free end was drawn through a pre\'iously prepared tunnel in the wall of the 
left ventricle and fixed in this position. Ten animals w'ere killed at the end of three or four 
months; seventeen animals are still alive, many of which were operated upon more than a year 
ago. 

Of the ten dogs killed, two, or 20 per cent, showed a definite communication between 
the left internal niammaiy artery' and the left coronary circulation. In eight of the ten animals 
%\iiich were sacrificed, the transplanted internal mammary artery had revascularized the sur- 
rounding structures. In the five animals in which a constricting scar formed, the artery' 
pro.ximal to this area developed communications with the chest wall and intercostal vessels on 
the left side. In one animal, where the artery' had pulled out of the heart, a communication 
developed between the artery’ and the vessels of the chest wall and the pericardium. 

Bellet. 


Friedman, S. M., and Friedman, C- L.: Non-Rcnal Hvperlension. Canad. M. A. J. 

.56:655 (June), 1947. 

1 he authors were jxirticularly concerned with cases of h'r'pertension that are without any 
apparent renal basis in the early stages. It seemed to them that once the concept of nonrenal 
essential hypertension was acceptable, the rise in blood pressure might be regarded as a com- 
t>ens'.itory phenomenon. Thej' believe that a state of equilibrium exists between the net pro- 
fusion pressure of the blood and the perfusibility of the tissues, and that an upset in this equili- 
brium might well demand an increase in hydrostatic pressure. Manv factors are operative in 
the n.aintcnance of this equilibrium. These authors were especially interested in those substances 
N'h'.ch contribute to the tissue osmotic pressure. 

The test is and the vitreous humor of the eye are the major sources from which hyaluronidase 
'^^^‘^^•'bsiratc ht-aluronic acid appears to be widely distributed throughout 
I le tissues of the l>ody and has been related to the tissue-binding substance. The authors viewed 
this innicn.ar enzyme sy.stem as only one of many possible systems of that type and not neces- 
A* <"* ta Kj le mechanism for which they were looking. The first experiment devised by 
t«( remove surgiadly the sources of hj'aliironidase (miicinase) as far as 
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Ninety male albino rats were divided into four groups; Group 1 served as untreated controls; 
Group 2 served as castrate controls; in Group 3, enucleation of the eye was performed at the start 
of the experiment; and Group 4 was composed of both castrated and eye-enucleated animals. 
All operations were performed on the same day. Four weeks after operation, blood pressure, 
renal clearance of inuHn and sodium paramino hippurate (PAIi), and pulse rates were deter- 
mined. These tests were completed in ten days and the animals sacrificed on the fortieth day. 

Renal clearance studies were carried out on ten animals from each group. The eye-enucleate 
animals of Group 3 failed to gain weight as well as the controls. The average blood pressure in 
Groups 3 and 4 was significantly elevated when compared with the controls. The weight of the 
testes in the animals of Group 3 was considerably below the normal, animals in this group being 
partially castrated by the enucleation. Moderate enlargement of the heart occurred not only 
in the hypertensive Groups 3 and 4, but also in the castrate controls (Group 2). Since the 
blood pressure was not elevated in the castrate control series (Group 2), the cardiac enlargement 
could not have been due to a hypertension. The clearance of both inulin and PAH was significantly 
elevated, both to the same degree, so that the filtration factor remained the same. There is 
thus a hemodynamic alteration expressed as an increase in renal blood flow. The tubular mass 
is likewise increased, suggesting that the kidneys are hyperfunctional. 

Enucleation thus elevated the blood pressure and secondarily induced a hemodynamic and 
functional alteration in the kidney. A hypertension, therefore, has been produced which is 
neither renal nor neurogenic in origin, making it clear that the blood pressure may be raised with- 
out existing renal damage. 

Bellet. 

DcTakats, G., and Fowler, E. F. ; The Surgical Treatment of Hypertension, the “Neuro- 
eenic” Versus Renal Hypertension From the Standpoint of Operability. Surgery 
21:773 (June), 1947. 

The authors point out that cases of so-called "neurogenic,” that is, nonrenal hypertension 
traditionally have been considered suitable for sympathectomy whereas cases of hypertension due 
to a renal humoral mechanism have been deemed poor candidates for surgical intervention. 
DeTakats aud Fowler challenge this concept and present detailed case reports of nineteen patients, 
some of whom have shown significant postoperative improvement when definite renal involve- 
ment was present but renal function reasonably good. Unilateral renal disease, renal trauma, 
toxemia of pregnancy, pyelonephritis, scarlatinal nephritis, and "rheumatic kidney” were the 
etiological bases of the renal factor in twenty-three patients with hypertension. When the 
functional impairment was not great, the postsympathectomy results were gratifying. On the 
other hand, the authors believe that neurogenic hypertension may be “a pluriglandular type of 
hypertension governed by the pituitary.” They observed that this group fails to benefit by oper- 
ative intervention on the sympathetic nervous system. 

Lord. 

Kehrer, H. E. ; Electrocardiographic Changes Following Air Encephalograms. Deutsche 
med. Wchnschr. (June 6), 1947. 

The author found profound changes in electrocardiograms of fifty-one patients during and 
following the introduction of air into the brain ventricles. There was a marked flattening of 
the T wave, which in some instances became negative. In addition, there was a shift of the pace- 
maker from the sinus node to lower auricular levels, the production of nodal rhythm, and even 
ventricular automatism with widening of the ventricular complexes. 

The a;uthor advises that air encephalograms be undertaken with due caution in those persons 
whose conduction system appears to be already considerably damaged. He also concludes that 
low or diphasic T waves, abnormalities in the form and position of the P wave, and occasional 
extrasystoles at times have an extracardiac origin. The author mentions briefly the results ob- 
^ tained by various workers which might suggest that the midbrain is one of the extracardiac 
sources of origin of these ectopic rhythms. 


Kramer. 
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Cflvelti, P. A. : Studies on the Pathogenesis of Rheumatic Fever. II; Cardiac Lesions 

Produced in Rats by Means of Autoantibodies. Arch. Path. 44:13 Quly), 1947. 

Killed streptococci in conjunction \vith emulsions of hearti connectiv'e tissue, and skeletal 
muscle can cause the development of antibodies to homologous tissues. Can these antibodies 
react specifically, in \dvo, with respective tissue components and act as a pathologic agent? The 
hearts of rats thus immunized were studied from the standpoint of myocardial and valvular 
disease and its possible resemblance to the human lesions of rheumatic fever. Grossly, little 
was noted, since the smallness of the rat heart precluded detailed examination. Histologically, 
the chief changes occurred in the connective tissue structure of the heart; namely, the valves, 
\-alvc rings, and the interstitial and peri\'ascular tissue of the myocardium. The valvular lesions 
were at the free ends and in the valvular rings, and consisted of infiltrative cellular lesions, often 
nodular. Various cellular types were present: the monocytic series predominated; fibroblastic 
proliferation and relatively large basophilic cells contributed. Some of the latter were multi- 
nuclear; together with connective tissue degeneration and frequent nodular formation the com- 
bined features suggested Aschoff bodies, yet classical lesions of the latter type could not be identi- 
fied with certainty. These infiltrations caused definite thickening of some valve leaflets. Similar 
lesions were found in the connective tissue of the myocardium. Widespread fibroblastic activity 
and subsequent scarring were also notable in the myocardium of many, of the rats. 

Lesions resembling periarteritis nodosa were seen around arterial vessels in the heart and 
also in other organs. 

No similar cardiac lesions were seen in the hearts of rats treated with streptococci alone 
or connective tissue emulsion alone. Cavelti concluded that the lesions were due to the presence 
of autoantibodies. He further concluded that tissue emulsions from the heart and connective 
tissue were equally potent in the production of the cardiac lesions, tissue emulsions from skeletal 
muscle were the least so. Connective tissue is apparently the site of the antigen responsible for 
the cardiac lesions. 

Civelti formulates a hypothesis of the genesis of rheumatic fever as follows: Streptococcic 
substances reacting with connective tissue of the host lead to formation of autogenous antigen. 
This antigen incites the development of specific antibodies, which in turn precipitate the rheu- 
matic lesions by reacting, in vivo, with the antigen situated in the tissues. 

Gouley. 

Alexander, F., Gold, IL. Katz, L. N., Levy, R. L., Scott, R., and White, P. D.: The Re- 
lative Value of Synthetic Quinidine, Dihydroquinidine, Commercial Quinidinc, 

-‘and Quinine in the Control of Cardiac Arrhythmias. J. Pharmacol. & Exper. Therap. 

90;191 (July), 1947. 

Using a large group of subjects with paroxysmal auricular fibrillation, auricular flutter, 
ventricular tachycardia, and auricular fibrillation, the authors were able to show that the action 
of synthetic and commercial quinidjne, given in the same dosage, was similar in both degree of 
slowing ahd^ duration of effect. Both were equally effective in the prophylaxis of cardiac arrhy- 
thmias. Dihjdroquinidine, used in half the dosage of synthetic and commercial quinidine, had 
.a similar action. Quinine compared to synthetic and commercial quinidine and dihydroquinidine 
w-as relatively ineffective. 

Godfrey. 


^ *^®*^*’'"*‘*^’ S., and Surlshin, A. ; The Action of N, N-Dibcnzyl- 

in Hypertensive Dogs. J. Pharmacol. & 

E-xper, Tlierap. 90;215 (July), 1947. 

(renrd the^ect of intravenous injection of dibenamine in seven hypertensive 

: T- •’“^niotensive dogs were used as controls. The animals were 

from twodaystorevcmlu’ecks.”*'^ pressure readings were followed over periods of 
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Both the hypertensive and normotensive dogs showed the same type of reaction to intravenous 
dibenamine. An initial fall in blood pressure and rise in pulse rate was followed by a widely 
fluctuating blood pressure which persisted for as long as two days after a single dose. Prolonged 
administration of dibenamine over a period of three weeks produced no sustained effect upon the 
blood pressure of three hypertensive dogs. Dibenamine shortened or inhibited adrenalin-pro- 
duced ventricular tachycardia and reduced the pressor response to adrenalin. 

Godfrey. 

Chen, K. K., and Anderson, R. C.: Digitalis-Like Action of Some New Glycosides and 
. Esters of Strophanthidin. J. Pharmacol. & Exper. Therap. 90:271 (July), 1947. 

Ten new glycosides related to digitalis-like glycosides and five esters of strophanthidin were 
tested. The mean lethal dose was determined. In some, the action compared favorably with 
that of ouabain. 

Godfrey. 

Crj’stal, D. K., Edmonds, H. W., and Betzold, P. F,; Symmetrical Double Aortic Arch. 
’ West. J. Surg. 55:389 (July), 1947. 

The authors present in an 8-week-old infant a case of double, symmetrical right and left 
aortic arches, which embraced the trachea and esophagus tightly and which united dorsal to the 
esophagus to form the descending aorta. 

At the age of 10 months, generalized convulsions followed some of the apneic attacks to which 
the child was subject. It was observed that the superficial veins of the torso and neck had become 
a great deal more prominent. A barium study of the esophagus showed a constant indentation 
of the esophagus from behind at the level of the second and third dorsal vertebrae. This was 
interpreted as the aortic arch passing behind the esophagus. The symptoms could then be ex- 
plained on the following assumptions: (a) a persistent right aortic arch; (b) the descending 
aorta lying in its normal position to the left of the vertebral column; and (c) constriction of the 
esophagus and trachea by a left aortic arch, or by the ligamentum arteriosum, or by both the arch 
and the ligament. 

When the patient W’as one year old, operation was attempted. The atresic ductus arteriosus 
was ligated and cut. At the time of operation, it was considered unwise to incise the pericardium 
any further cephelad because of its intimate connection with the trachea. Two hours post- 
operatively, the patient developed an attack similar to those experienced before operation, became 
apneic, and died. 

Autopsy disclosed symmetrically placed right and left aortic arches of equal caliber tightly 
embracing the trachea and esophagus. From each of these arose the carotid and subclavian 
arteries to the respective sides. Behind the esophagus, the arches merged to form a descending 
aorta which extended downward in its normal position. The pericardium w^as attached above to 
the two arches. The left arch lay in the fold of pericardium which had seemed adherent to the 
trachea. 

Bellet. 

Howarth, S., McMichael, J., and Sharpey-Schafer, E. P.: The Circulatory Action 

of Theophylline Ethylene Diamine. Clin. Sc. 6:125 (July 17), 1947. 

The authors have made studies of right auricular pressure by means of cardiac cathereriza- 
tion, and of the cardiac output determined by the Pick principle in a group of normal subjects 
as well as patients with various forms of heart failure. The effect of theophylline ethylenedia- 
mine, 0.48 Gm. administered intravenously, on these observations was noted. Except in cases 
of emphysema, the administration of this drug was followed by a fall in venous pressure and a 
corresponding rise in cardiac output. This rise in cardiac output was greater than that which 
occurs- when venous pressure falls following the application of cuffs, or after venesection, or the 
administration of digoxin, and led the authors to agree with others that this drug exerts an adrena- 
line-like action upon the myocardium. 


Wagner. 
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IIoHarth, S., .Alc-Michael, J., and Sharpey-Schafcr, E. P.: Effects of Oxygen, Venesec- 
tion and Digitalis in Chronic Heart Failure From Disease of the Lungs. Clin. Sc. 

6:187 (July 17), 1947. 

This paper reports obsep.'ation on cardiac output and filling pressure in cases of congestive 
heart failure associated with emphysema and other chronic diseases of the lungs. These patients 
were divided into two groups: Patients in the first group had systolic blood pressures over 90 mm. 
Hg and had an increased cardiac output. Patients in the second group had systolic blood pressure 
below 90 mm. Hg; they were in a terminal state and exhibited a low cardiac output. Patients 
in the first group differed from patients with congestive heart failure due to hypertensive, ischemic, 
or valvular heart disease because they presented an increased cardiac output, and they further 
differed in that they showed a fall in cardiac output when a fall in venous pressure occurred. 
The authors state that the increased cardiac output found in this condition is compensatory, and 
harm may follow a fall in venous pressure produced by venesection or digoxin. The measures 
of greatest value are oxygen and thiouracil. The latter is given in an effort to reduce the general 
metabolism. 

Wagner. 


Garvin, E. J.: Mesenteric Vascular Occlusion Complicating Thromboangiitis Ob- 
literans. Am. J. Surg. 74:211 (Aug.), 1947. 

The author reviews the brief literature on Buerger’s disease in which vascular involvement 
of the abdominal vessels has been established. The diagnosis is based on four chief findings: 
(1) The clinical picture is not typical of the common surgical emergencies; (2) the degree of pain 
is out of proportion to the other clinical findings; (3) the only constant finding is deep abdominal 
tenderness unless peritonitis has developed, which is a late manifestation; and (4) the leucocyte 
count and pulse rate are elevated disproportionately to the temperature and other signs. 

Garvin reports a case of a man, 33 years of age, who had suffered from Buerger’s disease of 
the e.xtremities for eight months, and who developed an acute occlusion of a large branch of the 
mesenteric vein. Operative resection of one and one-half feet of gangrenous bowel located in the 
proximal ileum was carried out. The patient was treated postoperatively by gastric decom- 
pression, penicillin, and parenteral fluids. In addition, he was heparinized for seven days. The 
postoperative course was moderately febrile, but recovery was complete by the twenty-fifth 
postoperative day, when he was discharged. 

The author concludes that “in spite of the fact that the vessels in the resected portion of 
bowel did not show microscopically the ordinary vascular lesions seen in the thromboangiitis 
obliterans, yet in view of the present literature on this subject, we must consider the mesenteric 
vascular occlusion as part of the genera! picture of Buerger's disease.” 

Lord. 


Cnvelli, P. .A.; Pathogenesis of Glomerulonephritis and Rheumatic Fever. Arch. 
Path. 4-4:119 (Aug.), 1947. 


In previous work, the author demonstrated the formation of autoantibodies to kidnev, heart, 
:md connective tissue by immunizing rats and rabbits with emulsions of homologous tissues com- 
nned with killed streptococci. He showed, further, that such autoantibodies are pathogenic 
V. ten they react with the corresponding tissues in situ. Such a process might explain the patho- 
genesis of rheumatic fever and glomerulonephritis. The author previously obtained strepto- 
cwcus-tissue antigen corresponding to the hypothetical autoantigens by mixing (in vitro) the 
killM streptociKci with tissue emulsions. 


arr* focal streptococcic lesions in rats, autogenous tissue antigens 

amitumn proven by means of 

vav Hui ■" ‘h? r‘'*»>bit. The most potent rabbit anti-rat tissue serum 

'tribini; i>,.;jtKVrtnrr n T serums of the infected rat in high dilutions; this 

' obtainable in maximum degree in twenty-four or thirty-six hours 
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after the initiation of streptococcic infection, and disappeared gradually in from eight to fourteen 
days. Rabbit anti-rat heart serum produced a much weaker reaction. 

Although this phenomenon is similar to rheumatic fever in so far as the latter may be the 
expression of the formation of autoantibodies in response to streptococcic infection, there is one 
dissimilar feature: this experimental reaction appears quickly at the height of streptococcic 
infection, while rheumatic fever appears two or three weeks after the onset of the preceding strep- 
tococcic infection. 

GotJLBT. 

Pearce, J. M., and Lange, G.: Cardiac Anoxia as the Factor Determining the Occur- 
rence of Experimental Viral Carditis. Arch. Path. 44:103 (Aug.), 1947. 

The authors reviewed previous work dealing with the production of a viral myocarditis in 
rabbits secondar}' to subcutaneous inoculations or installations in the upper respiratory tract. 
They found that such myocardial lesions were remarkably increased by the simultaneous intra- 
venous injection of acacia and also of pitressin extract. The authors feel that the only reasonable 
explanation for this phenomenon is the introduction of the factor of cardiac anoxia. This is 
produced by coronary artery constric tion after pitressin, or by interference with gas interchange 
between hemoglobin and the tissues of the heart following acacia. If the authors’ hypothesis is 
correct, the use of other drugs that would cause coronary constriction should cause the same 
aggravation of viral myocarditis as did pitressin. On the other hand, those drugs that have a 
detrimental action on heart muscle, without coronary constriction, should have no effect in in- 
creasing the extent of viral myocarditis. 

In conformity with this reasoning, barium chloride and adrenalin were tried and found to 
cause a marked increase in the incidence of viral myocarditis. On the other hand, digitalis, papa- 
verine, and nikethamide, given intravenously, produced no increase of inflammatory reaction 
in the hearts of untreated controls. 

The myocardial lesions that developed after acacia had been injected into the venous blood 
stream were predominantly confined to the right side of the heart, while those following the in- 
jection of constrictors of the coronary arteries involved chiefly the left ventricle. This can be* 
explained by the almost complete dependence of the left ventricular myocardium on the coronary 
arteries for its nutrition, while the right ventricular muscle is nourished by the numerous venous 
and venusinusoidal communications that link with the rivht ventricle lumen. 

Gouley. 

Winl>ury, M. IVI., and Crittenden, P. J.: The Action of the Basic Amino Acids on the 

Heart and Intestine. J. Pharmacol. & Exper. Therap, 90:293 (Aug.) 1947. 

The authors studied the action of the basic amino acids (histidine, arginine, and lysine) on 
the heart and intestine, using both isolated and intact specimens. Arginine and lysine were found 
to depress the isolated frog heart, while histidine exerted a stimulating action. 

Using the intact anesthetized cat, arginine and lysine, given intravenously iii a solution 
buffered to pH 7.4, had a hypotensive action with a decrease in heart rate. Histidine at the same 
pH resulted in a slight rise in blood pressure. However, if given as a monohydrochloride at pH 
4.0, histidine exhibited a hypotensive action similar to arginine and lysine. 

Studies on the intestine of the rabbit in situ revealed a fundamental difference between the 
action of histidine hydrochloride and the two basic amino acids. All three relaxed the longi- 
tudinal muscles of the duodenum. However, histidine hydrochloride caused a spasm of the cir- 
cular muscles, while lysine and arginine caused an inhibition, 

Godfrey. 

Maresli, G. J., and Farah, A. E.: The Influence of Rate of Administration Upon the 
Lethal Dose of Cardiac Glycosides. J. Pharmacol. & Exper. Therap. 90:304 (Aug.), 1947. 

Digoxin, oleandrin, and digitoxin were given intravenously to intact anesthetized cats. The 
more, rapidly the individual glycoside was given, the higher was the lethal dose. As the rate of 
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admini-^tration was decreased, the lethal dose ^^•as diminished until a definite concentration was 
rc-ched which could not be lowered by further decrease in rate of administration. This is termed 
the minimal lethal dose. Each glycoside has a characteristic rate of administration at which the 
minimal lethal dose is determined. 

Godfrey. 

Ropers, .T* W., Sellers, E. A., and Gornall, A. G.: Intestinal Perfusion in the Treat- 
ment of Uremia. Science 106:108 (Aug.), 1947. 

Interest in remot'al of nonprotein nitrogenous constituents of blood by “artificial” means 
in cases of renal failure has been stimulated greatly bt' recent work. Kolff suggested that per- 
fusion of a loop of bowel isolated surgically might prove superior in some respects to other methods 
presently used. It occurred to one of the authors (J.W.R.) that a specially designed intestinal 
tube with three lumina might make it possible to perfuse the intestine in situ, and so render sur- 
gical inter\-ention or even aseptic technique unnecessary. By using a thin triple bore tube with 
a small balloon at the tip, the authors were able experimentally to perfuse any desired length of 
intestine without resorting to surgery on the bowel. In the dog, however, it is necessary' to 
manupilate the tube into position through an abdominal incision. This would be unnecessary 
in the human. 

In experiments to date, the blood nonprotein nitrogen of nephrectomized dogs has been re- 
duced consistently and materially. For example, a lowering of the azotemia from 198 to 126, 
198 to 112, and 231 to 145 mg. per 100 ml. of blood was observed in successve trials, using 12 to 
18 liters of perfusion fluid over a period of about six hours. The rinsing fluid after perfusion 
contained 4.3 to 5.4 Gm. of nonprotein nitrogen. 

A more detailed e.xperimental study of the method is now in progress and an investigation of 
its clinical application is being undertaken by the authors. 

Bellet. 


Foisie, P. S.t Traumatic Arterial Vasospasm. New England J. Med. 237:295 (Aug. 28), 
1947. 


The author discusses the findings obser\-ed in a group of patients suffering from the persistence 
of a relatively low-grade arterial spasm in the extremities as a complication of local injury. He 
points out that this type of response holds little or no threat to the viability of the limb, but, 
nevertheless, it is likely to cause nutritional changes which may adversely affect the functional 
result. No relationship exists between the severity of the original wound and the degree of 
arterial spasm subsequently noted. In fact, some of the most stubborn cases of. vasospasm may 
complicate mild injuries. It would appear that the smaller, quickly closed wounds are asso- 
ciated with more vasospasm than are the larger, wide open ones. The production of tension in the 
tissues may, therefore, be a factor in the initiation and propagation of this reaction. The inci- 
dence of \'3^spasm is not dependent on the location of the injury nor on the structures involved. 
The clinical picture of the existence of vasospasm consists primarily of color changes, involving 
a combination of spolty pallor and diffuse cyanosis. Dependency and exposure to a cold en- 
\ironmcnt increase the cyanosis, while cler-ation of the extremity has a similar effect on the pallor. 
The cutaneous temperature of the affected limb is definitely lower than that of the normal side, 
and generalK there is a moderate edema. The severe excruciating pain generally noted in caus- 
.nlgia is absent, bUt the patient complains of numbness, coldness, tingling, or other types of pares- 

‘ V'l' i - of proportion to the force of palpation, and the extremity 

i< held !mino.jiIe with the joints flexed in an attempt to minimize the pain. The most reliable 

of .artcnal s^sm is the finding of diminished or absent peripheral pulses which are definitely 
•iltcred by xnsoihbting procedures. 


therapy, it appears necessary to maintain the extremity in a fairly warm 
vend to Utilize the \-arious \-asodibting procedures. Of the latter, repeated para- 

o'-omv transient but definite improvement. Sympathetic ganglio- 

o V.IU m some instances produce permanent relief of symptoms. 


Abr.amson'. 
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Starr, I.; On the Later Development of Heart Disease in Apparently Healthy Persons 

With Abnormal Ballistocardiograms. Eight- to Ten- Year After-Histories of 90 

Persons Over 40 Years of Age. Am. J. M. Sc. 214:233 (Sept.), 1947. 

Ballistocardiograms were first taken In 1936. When the method was satisfactorily estab- 
lished, work on normal standards was begun. Normal subjects were selected from a group that 
would permit a follow-up over a period of years. Ten years have elapsed since the first record 
of this series was taken, eight years since the last. Among the ninety supposedly healthy persons 
in this group, ranging from 40 years to 85 years of age, four subjects had ballistocardiograms 
abnormal in form. Three of the four developed coronary heart disease in the years which 
followed. In the other eighty-six subjects the ballistocardiograms were normal in form. In 
these the results were' arranged according to the size of the ballistocardiogram as related to actual 
and ideal weight. The six cases giving the smallest records in proportion to actual weight de- 
veloped coronary heart disease. It was found that a line could be drawn through the data at a 
level 44 per cent below the average of healthy young adults referred to ideal weight, and that 
50 per cent of those who fell below this line developed serious heart disease in contrast to 5 per cent 
of those above, a highly significant difference. Five subjects who gave ballistocardiograms 
normal in form and amplitude during the years 1937-39 died within the next eight to ten years. 
None of them developed clinical evidence of heart disease, and in two the heart was normal at 
necropsy. Post-mortem examinations were not done in the other three. One patient in the 
group with normal ballistocardiograms is of especial interest. This man, aged 79 years when 
originally studied, had a record which was above those of most others in his age group and equal 
to that of many young adults. This man is now well and active at the age of 87 years. 

It is concluded from these studies that a ballistocardiogram which is abnormal in form or 

of unusually small amplitude is of serious prognostic significance. The ballistocardiographic 

method gives promise of identifying coronary heart disease far earlier in its course than has been 

possible hitherto. ^ 

Durant. 

White, P. D. August, S., and Michic, C. R.t, Hydrothorax in Congestive Heart Failure. 

Am. J. M. Sc. 214:243 (Sept.), 1947. 

The authors have analyzed 100 cases of congestive heart failure showing hydrothorax at 
autopsy at the Massachusetts General Hospital. Fifteen cases showed unilateral right hydro- 
thorax; thirteen, unilateral left .hydrothorax. Each of the latter revealed an important factor 
in addition to the congestive failure, there being complete obliteration of the right pleural cavity 
in twelve and unilateral left pulmonary infarction in the remaining case, in contrast to only four 
such explanations among the fifteen cases of unilateral right hydrothorax. The remaining 
seventy-two cases showed bilateral pleural effusions, equal in thirty-one but predominantly right- 
sided in thirty-two of the remaining forty-one. The etiological type of heart disease and the side 
of preponderant initial ventricular strain made little difference as to the location of the hydro- 
thorax, but the great majority of these cases at autopsy had right heart failure usually super- 
imposed on left. 

An additional 100 cases of acute left ventricular failure in hypertension or aortic valve 
disease were analyzed as to the subsequent occurrence of hydrothorax during the next few weeks; 
seventy-six showed none, while sixteen developed bilateral hydrothorax, six unilateral right, and 
only two unilateral left hydrothorax; of the twenty-four cases who developed hydrothorax, only 
six failed to show any recognized sign of right heart failure and it is possible that the venous 
pressure might, if recorded, have been elev'ated in those six cases also. Pulmonarj’ infarction 
(superimposed upon, or precipitating, or aggrav-ating the congestive failure) was found in thirty 
cases and played a secondary’ role in the localization of the hvdrothorax. 

Durant. 

Massee, J. C.; Atrial Septal Defect. Correlation of Autopsy Findings With Data 

Obtained by Right Heart Catheterization. Am. J, M. Sc. 214:248 (Sept,), 1947, 

Of 1 ,500 patients studied by the method of heart catheterization, only one patient with atria! 
septal defect has come to autopsy. The literature has revealed no other case report of congenital 
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c->rdiac defect which had both heart catheter studies and autopsy. The case reported was that of 
a man 37 rears of age, who had been diagnosed clinically as having congenital heart disuse 
with myocardial failure and compensatory polycythemia. The right heart catheterizations 
revealed that: (1) the oxygen content of the right atrial blood was distinctly higher than the 
superior vena caval blood; (2) the oxygen content of the right atrial and right ventricular blood 
was the same; (3) the right ventricular (pulmonary artery) pressure was extremely high (140 
mm. Hg): (4) the pressure in the right atrium was elevated; (5) calculated left ventricular output 
was roughly normal, right ventricular output was at least twice this. These data could 
only have been obtained by heart catheterization, and they helped to clarify the diagnosis of 
atrial septal defect and made possible the diagnosis of pulmonary vascular hypertension. After 
these studies, the course of the patient’s condition was gradually downhill over a period of eight 
months. Death occurred after a series of pulmonary infarcts. 

The autopsy showed a defect in the lower portion of the interatrial septum which was 5 cm. 
in diameter. There was marked dilatation and hypertrophy of the heart, predominantly right- 
sided. Bilaterally, thrombosis of many branches of the pulmonary artery, with multiple pul- 
monary infarcts, was found. 

In discussing the correlation of the autopsy findings with the catheterization studies, it is 
pointed out that right atrial blood oxygen saturation can e.xceed the vena caval saturation in 
only two conditions; interatrial septal defect and aberrant pulmonary veins emptying into the 
right atrium, the latter condition being rarer than the former and not associated with as much 
cardiac enlargement. The finding of a right ventricular output roughly twice that of the left 
ventricle, despite the fact that the right atrial pressure was necessarily less than the left, is at 
variance with Starling's law. The discovery of increased right ventricular pressure, together 
with the fact that increased saturation of arterial blood could be obtained with oxygen inhalation, 
showed the presence of pulmonary vascular obstruction. 

Durant. 


Fitts, W. T., Jr., and Wells, E. J., Jr.: A Case of Fatal Arterial Occlusions Due to 
Ancurj sm of the Abdominal Aorta. Am. J. M. Sc. 214:252 (Sept.), 1947. 

A rare complication of aortic abdominal aneurysm is reported.. A 66-year-old tabetic was 
admitted to the hospital for scrotal gangrene, developed signs of an abdominal catastrophe, and 
died a few hours after admission. Autopsy showed a saccular aneurysm of the lower abdominal 
aorta. .-X thrombus in the inferior mesenteric artery had produced gangrene of the large bowel, 
while embolic occlusions of the hypogastric arteries were evidently responsible for the scrotal 
and {jcrineal gangrene. A search of the literature failed to reveal a similar case. 

Durant. 


Shapiro, E., Lipkis, IVI. L., and Kahn, J.: “Trophic” Ulcers of the Hands Complicating 
Myocanlial Infarction, Am. J. M. Sc. 214:288 (Sept.), 1947. 

Certain maladies of the shoulder joint, subdeltoid bursa, palmar fascia, and finger joints are 
recognized as sequelae of myocardial infarction. “Trophic” ulceration of the hands, however, 
is a rare and^ apparently hitherto unreported complication. The patient, a man aged 49 years, 
li-ati had angina since the age of 41 years. About twelve hours after the onset of the symptoms 
of acute posterior niyocirdial infarction, two vesicles, symmetrically placed over the metacarpo- 
p "ilangcal joints of the index fingers, were noted. The thin coverings of these blisters ruptured 
srxint.ancousty the next day and deeply punched out, painless ulcers were left, the right being twice 
.a .ygc a? i le left. 1 here were no neurologic signs, no thickening of the palmar fascia, no arthritis 
oi the nands and no evidence of bursitis of the "shoulder syndrome.” The pain of the myocardial 
iman non and of the preceding angina had been entirely limited to the chest, there being no arm 
^ authors believe that the promptly appearing ve.sicular and, later, 

: ,f ' ^ explained by antidromic stimulation of prodigious degree 

and they suggest that antidromic impulses mav be the mechanism of 

other maladies of the .shoulder and Imnd following myocardial infarction. 

Durant. 
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Geevcr, E. F. ; Pulmonary Vascular Lesions in Silicosis and Related Pathologic Changes. 

Am. J. M. Sc. 214:292 (Sept.), 1947. 

The effect of silicosis on the pulmonary circulatory system and, indirectly, on the right 
heart constitutes one of the important complications of this disease. Such sequelae as pulmonary 
hypertension and right-sided cardiac dilatation, hj'pertrophy, and failure are generally attributed 
to obliterative vascular changes. However, with one exception, detailed descriptions of the vas- 
cular lesions and their pathogenesis are not available in the modern literature. 

The author has studied the pulmonary vascular lesions and related pathologic changes in 
forty-three cases of silicosis, cases with complicating pulmonary tuberculosis being largely ex- 
cluded. A similar series of forty-three nonsilicotic patients in the same age group was used as a 
control. Two morphologic processes seemed to-evoke vascular changes: direct encroachment 
on the vascular wall by nodules or nodular masses, and infiltration of the vascular wall by dust 
and pigment-bearing granulation tissue. In discrete nodular silicosis the vascular lesions were 
not striking, as a rule, and were found only in small arteries, small veins, arterioles, venules, and 
capillaries. In massive conglomerate nodular silicosis the vascular lesions were severe, were found 
in vessels of all sizes,' and were demonstrable best in sections stained for elastic fibers. Fibro- 
blastic proliferation was an early reaction in all layers of the arterial wall; later, proliferation 
of vasal and capillarj' channels and degeneration of muscle and elastic tissue occurred. Occlu- 
sion and disruption of the vascular wall by infiltrating granulation tissue which streamed through 
all the layers were end results. Thrombosis of large arteries was observed in two cases of dis- 
crete nodular and seven cases of massive conglomerate nodular silicosis. The veins revealed 
similar occlusive and disruptive changes, but appeared to offer less resistance than the arteries. 
Lymphatic vessels often showed distention, stasis, and endothelial pigmentation. In massive 
conglomerate nodular silicosis, veins and lymphatics were often destroyed without trace. 

Related pathologic changes in the heart included right ventricular hypertrophy to a thick- 
ness of O.S cm. or more in ten out of the twenty cases in the discrete nodular group, and in sixteen 
out of twenty-three cases in the massive conglomerate nodular group. Although seven patients 
in the former group had evidence of cardiac disability which was of major importance as a cause 
of death, only one instance was found in which the right-sided cardiac changes alone were re- 
sponsible. Thirteen of twenty-three patients in the latter group had evidence of a major cardiac 
disability. In ten hearts of this group, right ventricular hypertrophj' and varying degrees of 
dilatation were the only significant changes. Related pathologic changes in the pulmonary 
parenchyma (namely, fibrosis, ischemic necrosis, and ischemic cavitation) were described. Ischemic 
cavitation was found in the fibrous masses of seven patients in the conglomerate nodular group. 
Pseudocavitation due to emphysema was sometimes encountered. 

Intravascular pressure changes were believed to be important factors in the pathogenesis 
of the vascular lesions in these silicotic patients. Increased pulmonary intra-arterial pressure due 
to elimination of large portions of the pulmonary vascular bed plus interference with distensi- 
bility of the remaining channels, surrounded or fixed as they are at various points by fibrous masses, 
Avould be expected to be combined deleterious factors in this respect. Anoxemia due to inter- 
ference with vasal circulation was believed to result from the marked perivascular fibrous changes 
in massive conglomerate nodular silicosis. Adventitial vasal hyperemia and proliferation probably 
represented a reaction to interference with vasal circulation and an attempt to establish collateral 
channels. 

Durant. 


Wilcns, S. L. : Resorption of Arterial Atheromatous Deposits in Wasting Disease. 
Am. J. Path. 23:793 (Sept.), 1947. 

At necropsy, severe atheromatosis is at least twice as common in obese as in undernourished 
persons who are 35 years of age or older. This relationship is independent of sex, hypertension, 
and diabetes. The author believes that atheromatosis in man, as well as in rabbits, may be re- 
versible, and bases this opinion on studies of autopsy material with special reference to the ap- 
pearance of the aorta and coronary arteries of patients whose nutrition was known to have been 
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seriously impaired during their final illness. He correlated data as to the state of nutrition during 
health, the duration of Uie final illness, and the loss of weight during that time. Only patients 
between 40 and 60 years were included. 

The evaluation of the state of nutrition at autopsy was based on the amount of adipose tissue 
depo.sited in the various body sites. The degree of atherosclerosis was graded by the extent 
of atheromatous deposit in the intima. The relationship of terminal weight loss and nutrition 
and the severity of atherosclerosis in the coronary arteries and in the aorta was striking. Twelve 
of twenty-four obese patients, but only two of thirty-nine poorly nourished patients, had severe 
atherosclerosis of the coronary arteries. If hypertensive patients are excluded, this difference 
is still apparent. Of the twelve obese patients, six were hypertensive, while both of the poorly 
nourished patients with severe atherosclerosis were hypertensive. The aorta is apparently as 
good a site as the coronary arteries by which to judge the relationship of nutrition and athero- 
matosis. 

Gouley. 


Jorpes, J. E.: The Origin and the Physiology of Heparin; the Specific Therapy in 

Thrombosis. Ann. Int. Med. 27:361 (Sept.), 1947. 

The composition of heparin is essentially that of a sulfonic ester of a high molecular poly- 
saccharide. Its anticoagulant action is apparently related to the strong negative electric 
charge of the compound. The neutralization of the anticoagulant property of heparin is effected 
by protamine presumably because of the positive charge carried by protamine. A significant 
but unexplained finding is the stronger anticoagulant property of dog heparin, as compared wdth 
ox, pig, and sheep heparin, in spite of the fact that they all have the same content of ester sulfuric 
acid. In spite of its high degree of ionization in solution, heparin exerts very little osmotic 
pressure and, therefore, will not cause shrinkage of red blood cells either in vivo or in vitro. 

The mast cells of Erlich, which are in close proximity to all capillaries in the body, constitute 
the site of formation of heparin. These cells supposedly extrude their contents into the peripheral 
tissue juices or almost directly into the blood stream. The liberation of the heparin in physiologic 
amounts from this hormonal system of mast cells maintains the proper equilibrium in so far as 
coagulation of the blood is concerned. 

The results obtained with heparin by various writers, as well as by the author, in the treat- 
ment of thrombosis of the leg veins and of the pulmonary artery are analyzed. All these assembled 
data, which are based on a large experience over a number of years, indicate that the incidence 
of fatal embolism and disabling aftereffects of venous thrombosis have been dramatically re- 
duced. The average dose recommended is 400 mg. divided over a twenty-four hour period. Dur- 
ing such treatment, blood clotting determinations are not made except in elderly patients with 
impaired renal function. 

Since hepKirin is highly activ'c and nontoxic, its prophylactic use is recommended after opera- 
tions or childbirth where there have been single or recurrent attacks of thrombosis in the historj' 
of the patient. 

Wendkos. 


Allen. E. V., nines, E. A., Jr., Kvnic, W. F., and Barker, N. 
nmro! ns nn -Anticoagulant; Experience in 2„307 Cases. 
(Sept.), 1947. 


W.: The Use of Dicu- 
Ann. Int. Med. 27:371 


^ Ibis pajxir summarizes the results obtained, over a six-year period, in (1) the treatment 
Oi \cnous t irombosis, arterial embolism and thrombosis, and pulmonary embolism with dicu- 
^on'f>‘ncd with dicumarol in a total of 988 cases; (2) the prevention, with dicu- 
'n( ? n’on,ar>' embolism or venous thromlx)sis, post partum or postoperatively, in a total 

(' , t c treatment with dicumarol of myocardial infarction in a total of fifty 

i* needed dicumarol should be used whenever an anticoagulant effect 

dMrrn '-'itif rf Tt * ” \ O'" years, provided that there are ax-ailable reliable 

prothrombin in the blood. However, when both a rapid and a 
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prolonged effect of an anticoagulant are desired, heparin and dicumarol should be administered 
simultaneously. It is recommended that dicumarol be used cautiously or not at all in renal 
insufficiency, a-fter operations on the brain or spinal cord, in blood dyscrasias, in ulcerative lesions 
of the gastrointestinal tract, and in nutritional deficiency or hepatic diseases associated with 
potential or actual prothrombin deficiency. The use of anticoagulants is not advised in subacute 
bacterial endocarditis since the danger of hemorrhage is relatively great. The dosage of dicu- 
marol is discussed and it is concluded that the amount required will depend on the prothrombin 
percentage. In the author’s experience, this should be maintained between 10 and 30 per cent. 
In the 1,983 postoperative cases, minor hemorrhage (epistaxis, hematuria, and localized ecchy- 
mosis) occurred in 3.4 per cent, while serious bleeding (from operative wounds or frorn the gastro- 
intestinal tract) occurred in 1.8 per cent of the cases. Death from such serious hemorrhage 
occurred only twice. Serious bleeding was found to be easily controllable by repeated adminis- 
tration of vitamin K and transfusions of fresh blood. The post-partum state was not considered 
a contraindication to the use of dicumarol in the treatment of venous thrombosis or pulmonary 
embolism which occurred following delivery. It is the author’s opinion that the introduction of 
dicumarol has eliminated the need for surgical ligation of veins in order to prevent pulmonary 
embolism. 

Fatal pulmonary embolism was prevented and arterial thrombosis ivas halted in most in- 
stances. In addition, early treatment of sudden arterial occlusion with anticoagulants has re- 
sulted in survival of the extremity in 90 per cent of instances of embolism and 80 per cent of 
instances of thrombosis. An overall consideration of 1,513 postoperative patients treated with 
anticoagulants indicated that eighty-five patients survived who would have been expected to die 
from pulmonary embolism, and 250 patients ivere spared venous thrombosis or nonfatal pul- 
monary embolism. In 506 additional postoperative cases in which dicumarol was used prophy- 
lactically, venous thrombosis occurred in but two instances; there was no pulmonary embolism. 
The results in the fifty cases of acute myocardial infarction indicated that there was a substantial 
reduction in the incidence of further myocardial infarction and of arterial embolism and venous 
thrombosis. 

Wendkos. 

Perera, G. A., and Blood, D. W.: Pressor Activity of Desoxycorticosterone Acetate in 
Normotensive and Hypertensive Subjects. Ann. Int. Med. 27:401 (Sept.), 1947. 

Desoxycorticosterone acetate was administered to ten normotensive subjects and fourteen 
patients with uncomplicated hypertensive vascular disease in doses of 5 mg. subcutaneously 
twice daily for one week. No significant change of the resting blood pressure appeared in the 
normotensive group, whereas definite increases in systolic and diastolic readings were observed 
in the hypertensive patients. The prompt rise in blood pressure of patients with hypertension 
could not be ascribed to changes in salt or water retention alone, as there were comparable changes 
in the normotensive group. 

Wendkos. 

David, P., iVIcPcak, E. M., Vivas-Salas, E., and White, P. D.: Dissecting Aneurysm of 
the Aorta: Review of 17 Autopsied Cases of Acute Dissecting Aneurysm of the 

Aorta Encountered at the Massachusetts General Hospital From 1937 to 1946 In- 
clusive, Eight of Which Were Correctly Diagnosed Ante Mortem. Ann. Int. Med. 
27:405 (Sept.), 1947. 

During the ten years from 1937 to 1946, seventeen cases of acute dissecting aneurysm, proven 
by necropsy, were encountered at the Massachusetts General Hospital, Of these, twelve were 
men and five women. The men ranged in age from 47 to 69 years, and the women from 57 to 
78 years. A correct ante-mortem diagnosis was made in eight instances. Associated hyper- 
tension existed in every case, but in two instances syphilitic heart disease was also present. A 
basal diastolic murmur developed during the acute dissection of the aorta in the majority of the 
cases, and was, therefore, considered an important diagnostic sign. Since electrocardiographic 
changes characteristic of acute myocardial infarction were lacking in this series, this finding is 
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.ueecnetl as an important means for differentiating the pain of acute coronaiy occlusion from that 
of acme di‘==ecting aneur%'sm. Tears in the aortic intima, classified as initial, were located in the 
upp'^r aorta in nineteen instances. Sixteen presented evidence of being recent, the other three 
appeared to be well healed and communicated with dissected endothelialized aneurysmal sacs. 
Eleven of the nineteen initial intimal tears were located within the first 3 cm. of the ascending 
aorta, six in the ascending aorta beyond the 3 cm. level, one in the arch, and the remaining example 
in the thoracic aorta. It was more difficult to identify the site of the rupture of the adventitia, 
through which blood escaped from the sac into the surrounding tissues or serous cavities. Re- 
rupture of the dissecting aneui^'smal sac into the original lumen was discovered in six instances, 
in two of which the secondary’ tear had occurred in the abdominal portion of the aorta and in the 
other four in one of the iliac arteries. Considering involvement of the main branches of the 
aorta in the dissecting process in order of frequency, the iliac arteries were affected in eight cases, 
the great vessels of the arch in six, the renal arteries in six, the celiac axis in five, the mesenteric 
arteries in five, and the coronarj' arteries in three cases. An arteriosclerotic involvement of 
some part of the aorta was described in everj' case. Medionecrosis, which is now recognized 
as being by far the main etiological factor of dissection of the aorta, was found in thirteen cases; 
it was not typical in two cases and was absent in the other two cases. Nine patients died within 
twenty-four hours and six within one to six days following the onset of the aortic dissection. A 
healed dissecting aneurysm which had developed previously, was noted at necropsy in three of 
the cases. The immediate cause of death was acute dissection of the aorta in only two cases, 
whereas in the remainder, it was hemorrhage into the pericardial sac with resultant cardiac 
tamponade. 

Wendkos. 


iVIcllinkon’, S. M., and Higgins, J. R.: The Heart Rale in Malaria; a Review of 90 Cases. 

Ann. Int. Med. 27:433 (Sept.), 1947. 

The authors studied the heart rate during bouts of pyrexia in ninety cases of malaria, con- 
firmed by the identification of the parasite in thin or thick blood smears. Of these, eighty-five 
wore c.vamples of infection with Plasmodium vivax, two with Plasmodium falciparum, and three 
with Plasmodium malariae. The results of the study indicated that one-fourth of the patients 
hnd a relative bradycardia, which, however, was never less than 70 per minute. 

Wekdkos. 


Solnrz, S. I),: So-callcd “Infarction Type” Electrocardiographic Change.s Following 
Paroxysmal Tachycardia. Ann. Int. Med. 27:447 (Sept.), 1947. 

file author describes a case of a 40-year-old aviator whose electrocardiograms for a two- 
i\eck period following cessation of an attack of paroxysmal tachj’cardia showed varying degrees 
of abnormality in the form of the T waves in the conventional limb and CF leads. No explana- 
tion for the 1 wave changes is offered, but the author discards the possibility that mt'ocardial 
infarction or quinidine effects were responsible. 

Wekdkos. 


Cordon, I.: Mechanism of Lipophage Deposition in Athcro.sclero.sis, Arch. Path. 
41:247 (Sept.), 1947. 

flic author revieweti and commented on the present knowledge and theories concerning the 
IMt ,cr^tr.f-is of athcro,>.clcro.s-s. He believes that Leary's work is the final link in a chain of 
CM, t nee t lat legan many ye.ir.s ago with the development of alimentary hypercholesteremia 
nt.\ , , ter r u>k-'terol ingestion by these animals, the cells of the reticuloendothelial system 

■ Ike «p the e-tent, «] rholesterol and then become <ieiachcd. entering the blood stream and in- 
SiUf.amg the intima of the aorta, 

*o the term tJicmora.vis ’ as an c.xpfanation of iliks infiltrating process, but 
<! . * * J * ’^ '^’4^'-^ fourept of a heavy central cellular concentration with a clear 

n t ,e tirrti .aiing t-ofumn of bloorl. The endothelial cells filled with cholesterol. 
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known as lipophages, being lighter than the other blood cells, drift into the clear peripheral zone 
of the blood column and under the influence of the blood pressure are forced into the intimal 
structure of the aorta. Localized dilatations of the blood vessel increase this tendency for lighter 
cells to fall away from the rapidly moving column on to the sides of the vessel. A third factor 
that would promote this slowing up and drifting process would be eddying of the blood stream. 

The physicochemical properties of the lipid-laden lipophages allows for the formation of what 
might be called a pseudopod, which, first becoming adherent to the intimal suVface, becomes the 
means for the wedging in and entrance of the body of the cell into the intimal structure. 

The entrance of the lipophage into the intima is the earliest sign of aortic atheromatosis. 
Both Leary and Gordon believe that this lipid material is intracellular from the beginning. The 
infiltration of these lipid-laden cells beyond the intima finds the first barrier at the internal elastic 
lamella. Gordon points out that medial infiltration is further impeded by the fact that beyond 
the internal elastic lamella there is a concentric series of probably si.xty-five sheaths of elastic 
tissue which, together with smooth muscle, constitute. the medial structure. The aortic intima, 
therefore, becomes the depository for the most part of whatever cholesterol-laden cells leave 
the blood stream. The reason tJiat the aorta is the site of atheromatosis far more than any other 
blood vessel is that the blood pressure in the aorta is greater than in any other part of the arterial 
system. 

The author does not believe that the capillary blood vessels found in the intima of athero- 
matous aortas are a causative factor of the atheroma. 

He points out in summary that the rabbit feeding experiments with cholesterol bear an 
authentic relationship to atheromatosis in man inasmuch as all significant human atherosclerosis 
is associated with hypercholesteremia and an increased number of the circulating lipophages. 

Gouley. 


Winder, C. V., and Thomas, R. W.; Cardiovascular and Respiratory Effects of the 
Anti-Histamine Agent B-Dimcthylaminoethyl Benzhydryl Etliel Hydrochloride 
(Benadryl Hydrochloride). J. Pharmacol. & Exper. Therap. 91:1 (Sept.), 1947. 

In the intact dog anesthetized with phenobarbital, benadryl hydrochloride injected intra- 
venously typically elicited a short vascular depression followed by a slight prolonged rise in 
arterial pressure. This action was not influenced by vagal section or by isolation of the carotid 
and aortic bodies. 

The action of benadryl hydrochloride on the isolated rabbit heart suggests that its action 
is an intrinsic one upon the myocardium. It causes a variable slight depression in contractions 
and a fleeting increase in coronary blood flow followed by a more lasting decrease. Respiratory 
changes, increased rate and decreased depth of respiration, were abolished by vagotomy and 
carotid denervation. 

Godfrey. 

Gold, H., Modell, W., CattcII, M., Osenlon, J. G., and Cotlovc, E. W.: Action of Digi- 
talis Glycosides on th,c Central Nervous System With Special Reference to the 
Convulsant Action of Red Squill, J, Pharmacol. & Exper. Therap. 91:15 (Sept.), 1947. 

Purified derivatives of red squill, when given to the rat by vein, intramuscularly, or orally, 
produce a picture which is characteristic. There is an initial brief "shock-like” period (usually only 
seen with intravenous administration) followed by a period of two to ten hours when the animal 
appears perfectly normal. Then there is the onset of progressive muscular weakness alternating 
with periods of violent strychninelike convulsions. The animal dies because of respiratory 
paralysis during the convulsions. During all of the time following the administration of the 
drug, the pulse is strong and regular, the heart continues beating after cessation of respiration, 
and there is no evidence of ventricular fibrillation or other toxic digitalis-like effects on the heart. 

The problem that this chain of events presents is whether the convulsant action of red squill 
is a property of its cardiac glycosides or is due to the action of other impurities. The rat is 
known to be highly resistant to the cardiac action of the digitalis glycosides in general. Other 


524 


AMERICAN HEART JOURNAL 


liitritalis glycosides (digitoxin, gitalin, folerin, ouabain) produce convulsions in a manner similar 
-n red squiil in the rat. The convulsant action appears more highly developed in some glycosides' 
than in others. Convulsions have been obser\'ecl in species other than the rat (cat and frog) 
■■ ith dicitalis glycosides. Derivitives of red squill act like typical digitalis glycosides in the frog, 
cat and man. Given intravenously to rats, very large doses of red squill will cause death shortly 
liter its administration. The cause of death is cardiac, the effects resembling those of digitalis 
poisoning in other species. The convulsant action of red squill, therefore, is due to a peculiarity 
of both the drug and the species of animal it has been most extensively used in. Many digitalis 
glycosides have convulsant properties; however, the amount of drug necessary to produce convul- 
sions far exceed the toxic cardiac dose in most species of animals. 

Godfrey. 


Wollonbcrgcr, A. : Metabolic Action of th,e Cardiac Glycosides. I. Influence on Respira- 
tion of Heart Muscle and Brain Cortex. J. Pharmacol. & Exper. Therap. 91:39 (Sept.), 
1947. 

Using slices of guinea pig heart muscle in the presence of glucose or lactate, ouabain, in 
moderate dosage, was found to produce an increase in oxygen consumption. In high dosage oua- 
bain caused a decreased oxygen consumption. Brain slices (guinea pig) respond similarly, but 
are one and one-fifth times as sensitive as cardiac muscle. Homogenized brain or heart prepara- 
tions do not respond to ouabain in moderate dosage with an increased oxygen consumption, nor 
would intact specimens respond unless an appropriate substitute (such as glucose) was present. 
If brain slices that had been exposed to ouabain and were actively respiring were washed and 
placed in a fresh solution, they showed a cessation of respiration. 

It is inferred from these findings that ouabain probably works upon the cell surface, increas- 
ing permeability to the e.xogenous substitute; subsequently, the increased permeability causes 
a loss of some respiratory catalysts. 

Godfrey. 


York, C. L., nnd Fischer, W. J. H., Jr.: Plasma Volume Determinations in Rheumatic 
Subjects During Oral Salicylate Therapy. New England J. Med. 237:477 (Sept. 25), 
1947. 

Seven rheumatic patients were given sodium salicylate orally in dosages sufficient to maintain 
salicylate blood levels of 35 mg. per 100 cubic centimeters. A plasma volume increase of from 4 
per cent to 38 per cent was obsers'ed in five of these patients. It was considered probable that 
this rise was the result of increased sodium ion in the presence of impaired cardiac function, 
Hcmalocritand plasma protein concentration did not consistently reflect the changes in plasma 
volume. A definite and persistent depression of prothrombin activity usually occurred. Serious 
hemorrhage occurred in one patient. 

Kay. 


Fishherg, A. M.: Simulation of Myocardial Infarction by Esophageal Tear. J. Mt. 
Sinai Hosp. 14:296 (Sept.-Oct.), 1947. 

The author dei^cribes two instances of tear of the esophagus in which the diagnosis of myo- 
cardial infarction was considered. 

^ Case I is that of a 39-year-old man in whom esophagoscopy disclosed two small lesions about 
incisor teeth, which were regarded as fibrolipomas. After an evening of 
dnnkmg he rctcherl nnd vomited twice, felt agonizing substernal pain, and was given a hypodermic 
^ morphine sulfate, followed by three similar injections during the day, 

ul.\ I by mask did not help. The initial diagnosis was myocardial infarction. 

« ^ctrocarf rograms were negative. Esophagoscopy performed twelv'c days after 
oi 'he ** ^ I'^nsr erse tear of the esophagus at a level of 37 centimeters. Exploration 

P.1 .shower! enormous dilatation of the lower esophagus, but 
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Case 2 is that of a 4b-year-old man who was seized with violent pain localized in the upper 
abdomen and lower anterior chest after a protracted drinking bout during which he vomited 
repeatedly. The pain became localized in the substernal region and the patient seemed to be 
going into shock. Myocardial infarction was considered as the likely diagnosis. Later, subcuta- 
neous emphysema appeared in the neck and the chest, which suggested that rupture of the esopha- 
gus was probably the diagnosis. The patient sank rapidly. Necropsy showed the posterior sur- 
face of the esophagus t>o be lying in a bed of brownish necrotic material. Section of the esophagus 
showed a laceration one inch long just above the cardiac portion of the stomach. A second 
laceration parallel to the first and one-half inch long was ai)so present. 

Bellet. 

Oppenlieimer, B. S., and Zacbiarias, L.: A Note on the Effect of a Vitamin K-Like 
Quinonc Upon Experimental Renal Hypertension in Dogs. J. Mt. Sinai Hosp. 14:542 
(Sept.-Oct.), 1947. 

The authors investigated the effect of the water-soluble vitamin K, synkayvite, on five dogs 
rendered hypertensive by the application of the Goldblatt clamp to the renal arteries. No sig- 
nificant effect in reducing the high blood pressure of these dogs could be observed during or after 
the administration of this water-soluble vithmin K. The dosage employed in dogs was as follows: 
10 mg. for the first two days, 20 mg. for the next six days, and 38 mg. for the next -seven days, 
making a total of 406 mg. injected intramuscularly in fifteen days. 

Bellet. 

Freis, E. D., and Smithwick, R. H.: The Effect of Lumbodorsal Splanchnicectomy on 
the Blood Volume and “Thiocyanate Space” of Patients With Essential Hyperten- 
sion. Am. J. M. Sc. 214:363 (Oct.), 1947. 

This investigation was undertaken as a part of a comprehensive study of the effects of sympa- 
thectomy on the hemodynamic functions of patients with essential hypertension. It was con- 
sidered worth while to rule out the possibility that the reduction in blood pressure is accompanied 
by significant alterations of total blood volume, and, incidentally, to obtain information on 
the effects of the operation on the intravascular and extracellular fluid compartments of the 
body. 

Repeated blood and “available fluid” (“thiocyanate space”) determinations were made on 
a series of ten cases for periods up to six months following lumbodorsal splanchnicectomy. The 
total blood volume was reduced in nine cases in the period from eight days to two weeks follow- 
ing operation, due primarily to a diminution in red cell volume; Despite a continued reduction 
of blood pressure, the total volume was restored to the approximate preoperative level at the end 
of six months following operation. A slight reduction of the hematocrit value persisted, the de- 
ficienicy being made up by a compensatlbry increase in plasma volume. Coincident with the re- 
duction in blood volume noted in the second postoperative week, there was an increase in “avail- 
able fluid” volume. This elevated value was restored to the preoperative level over a period 
of several months. Previous observations that the total blood volume is within normal limits 
in patients with essential hypertension were confirmed. In relation to surface area, the “avail- 
able fluid” volume of hypertensive subjects was also found to be within the normal range. The 
reduction in blood pressure following sympathectomy is not dependent upon changes in total 
blood or “available fluid volume.” 

Durant. 


Kramer, D. W., and Abramson, E. B.: Flourescein Studies in Peripheral Vascular 
Disorders. Am. J. M. Sc. 214:368 (Oct.), 1937. 

' Eighty-nine patients were studied with fluorescein (4 c.c. of a 20 per cent solution rapidly 
injected into the antecubital vein) for the appearance time at the lips, han'ds, and feet. Sixty- 
five of this series had some form of vascular disease; twenty-four cases presumably had no vas- 
cular disease. Various ages and both sexes were represented in the study. The appearance time 
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in the lips in the nonvascular group was 14.4 seconds and 16 seconds for the patients with vas- 
cular di<=orders The arm-to-hand time showed an average of 28.5 seconds for the nonvascular 
ca=.*s and 31.2 seconds for the vascular group. The arm-to-foot time ranged from 30 seconds 
to 3 minutes However, most of the cases showed an appearance time within 60 seconds; the 
average for the nonvascular group was 53.4 seconds, with 61.4 seconds for the vascular cases. 
When the appearance time was beyond 60 seconds, the vascular series predominated over the 
nonw-Ecular by about 2.5 to 1. Other features which may explain delayed appearance time are 
old age and cardiac disease. The appearance time is not so easily recognized in the lower ex- 
tremities and in the Negro. The following figures are suggested for the normal appearance 
times: arm-to-lip, 12 to 16 seconds; arm-to-hand, 18 to 28 seconds; arm-to-foot, 26 to 
6 ) seconds (average, 53.4). The fluorescein test is superior to those tests which use substances 
requiring subjective sensations for the end point. The end point with this method is readily 
recognized. Fluorescein is nontoxic and is readily excreted by the kidneys. Despite the un- 
availability of a more definite normal standard for arm-to-foot time, the authors were im- 
pressed with the delay in appearance time in the lower extremities among patients with known 
vascular disorders. From this they infer that it gives information relative to the status of the 
peripheral circulation. It is helpful in deciding and selectingthe proper type of ulcer for grafting. 
It may be of assistance in determining the level for amputation, although the authors have had 
no personal experience in this respect. 

Durant. 


Ferrer, ISl. I., and SokolofT, L.; The Antidiuretic Effect of Morphine and Demerol in 
Congestive Heart Failure. Am. J. M. Sc. 214:372 (Oct.), 1947, 

The influence of morphine on mercurial diuresis was studied in nine patients tvith congestive 
heart failure. In three, morphine prod uccd an antidiuretic effect. In two patients, demerol also 
showed an antidiuretic effect. The total chloride excretion during mercurial diuresis was reduced 
by both drugs. It is suggested that this antidiuretic effect, while probably not operative in all 
patients, cardiacs or otherwise, is of sufficient importance in some cases of cardiac decompensation 
to account for certain poor results wdth mercurial diuretics. 

Durant. 


Wnchslcin, M-: Glycogen Storage (Von Gierke’s) Disease Predominantly Involving the 
Heart. Report of a Case With Hislochcmical Phosphatase Studies. Am. J. M. Sc. 
214:401 (Oct.), 1947. 


The eighteenth proven case of von Gierke’s disease with marked enlargement of the heart 
is described. On microscopic e.xamination glycogen storage was demonstrable in the cells of 
various organs, including the brain, the ner\'e cells in the mesenteric plexus of the intestinal tract, 
and the Istipflcr cells of the liver. The involvement of the Kupffer cells in this case and in the report 
of l\olff contradicts the conclusion that, in contrast to Gaucher’s and Niemann-Pick’s disease, 
the rcticuloendothelual system in von Gierke’s disease is not ever involved in the abnormal cell 
metabolism. In the kidneys, no regular distribution within the tubular segments is seen with 
glycogen disease, whereas in diabetes mellitus, glycogen is found in the terminal segment of the 
proximal conx-oluted tubules and to a lesser degree in the ascending limbs of Henle’s loop. The 
hist^hemiral distribution of alkaline and acid phosphatase in the liver, kidney, adrenal, and heart 
r found to be normal, in contrast to previous reports to the contrary. 

. larked hyperplasia of the Langerhans’ islands in the pancreas with preponderance of beta cells 
vms present. It ,s suggest.^ that this might be due to the increased demand for insulin, related 
. abnormally high and persistent nse m blood sugar provoked by the ingestion of carbohy- 
dr.uc<< in many fntienis with von Gierke's disease. 


Durant, 



American Heart Association, Inc. 

1790 Broadway at 58th Street, New York, N, Y. 

Telephone Circle 5-8000 


THE III INTER-AMERICAN CARDIOLOGICAL CONGRESS, 

CHICAGO, JUNE 13-17 

The Inter-American Societ}- of CardioIogA’’ has authorized the meeting of the III Inter- 
Amcrican Cardiological Congress to be held in Chicago, June 13 to 17, 1948, at the Michael Reese 
Hospital and at the Stevens Hotel. I’he Congress is under the auspices of the Society and the 
National Heart Associations of the Western Hemisphere. 

This meeting will take place immediately before the American Heart Association annual 
meeting, June 18 and 19, and the American Medical Association meeting, the week of June 20. 
Delegates arc chosen by the National Heart Associations. Active members in the United States 
include physicians approved by the American Heart Association. 

Physicians wishing to participate in the Congress may obtain an application blank and full 
information from the Office of the HI Inter-American Cardiological Congress, at the Michael 
Reese Hospital, Chicago. A registration fee of $15 will be charged. This amount must ac- 
company the application blank, payable to Dr. Richard Langendorf, .Secretary-Treasurer of the 
Congress. Registration must be made not later than .•\pril 1. 

Each member attending the Congress will be permitted to read in full no more than one 
paper. This paper must be based on unpublished material. Abstracts, limited to 200 words, 
must reach the offices of the III Inter-American Cardiological Congress, not later than April 1, 
1948. 

Additional papers may be submitted to be read by title. If the number of papers exceeds 
the number which can be accommodated, the President of the Congress will select those to be 
read in full. The reading time for each paper will be fifteen minutes, including illustrations, with 
five additional minutes for discussion. However, papers to be pre.sentcd at the plenary sessions, 
to be sclccteil by the President of the Congress, will be limited to twenty minutes, with ten min- 
utes for di.scussion. 

Papers submitted will not be published by the Congress. The proceedings and abstracts 
of communications of the Congress will be published in a special number of the Ameetcak 
Heart Joeunae. Papers presented at the Congress may be published elsewhere by the authors 
after the Congress has adjourned. .‘\11 English abstracts will be translated into Spanish. The 
Congress office has requested authors to submit their abstracts not only in the original language, 
but also in the officially authorized translation. 

The opening session of the Congress will take place on Sunday afternoon, June 13, at two 
o'clock, in the Grand Ballroom of the Stevens Hotel. This session will be limited to official ad- 
dresses of welcome and greetings. Plenary sessions will take place in the North Ballroom of the 
Stevens Hotel- on Monday morning, June 14, and Thursday afternoon, June 17. Ordinary ses- 
sions will take place in the Michael Reese Hospital. Two simultaneous meetings will be held in 
the Rothschild Auditorium and the Sarah Morris Amphitheater. .All morning meetings will 
be held from 9 to 12 o'clock and all afternoon meetings from 2 to 5 o'clock. 

A business meeting will be held in the Rothschild .Auditorium, Michael Reese Hospital, at 
8 o'clock, Thursday evening, June 17. 

Hotel and travelling arrangements must be made by members personally. The American 
Express Company is the official agent for the Congress. Two hundred rooms have been reserved 
for members of the Congress. 

The .American Heart Association invites all members of The Congress to attend its .Annual 
meeting, June 18 and 19. The official delegates will be guests at the annual banquet of the 
American Heart Association. 

Chairman of the Honorary Council of the Congress is Dr. James B. Herrick, Chicago, and 
the Council's United States members include Dr. Henry A. Christian, Boston; Dr. George Dock, 
Pasadena; Dr. Rudolph Matasj New Orleans; Dr. Paul D. White, Boston; Dr. Carl J. Wiggers, 
Cleveland; Dr. Frank N. Wilson, Ann .Arbor, Michigan. 
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Officers of the Congress are: Dr. Louis N. Ivatz, President; Dr. RichardXangendorf, Secre- 
tarj^-Treasurer; and Mrs. Marie Cole de Pardo, Executive Secretary. Vice-presidents from the 
United States include Dr. Arlie R. Barnes, Rochester, Minn., President of the American Heart 
Association; Dr. George K. Fenn, President of the Chicago Heart Association; and Dr. Harry A. 
Durkin, President of the Illinois Heart Association. 

The Founder and Permanent Honorary President of the Inter-American Society of Car- 
diology is Dr. Ignacio Chavez of Mexico City. The Executive President is Dr. Teofilo Ortiz 
Ramirez of Mexico City. Members of the Board of Directors from the United States include Dr. 
Barnes, Dr. George R. Herrmann, Galveston, Texas, Dr. William J. Kerr, San Francisco, and 
Dr. Howard B. Sprague, Boston. 

The United States member of the International Council of Cardiology is Dr. Paul D. White, 
Boston. 


NATIONAL HEART WEEK 


The greatly enlarged National Heart Week Campaign (February 8-14) of the American 
Heart Association, which appealed directly to the public for funds for the first time, was reflected 
in the increased amount of press and radio publicity given to this observ'ance. ' Possibly the 
greatest proportional increase in the amount of publicity cooperation was registered in the field 
of radio. Several popular network programs devoted themselves to extended promotions for the 
fight against heart diseases. 

"Truth or Consequences," which is conducted by Ralph Edwards and sponsored by Proctor 
and Gamble, and which is heard over the National Broadcasting Company network on Saturday 
nights, 8:30 to 9:00 p.m., E. S. T„ made the American Heart Association the beneficiary of 
public contributions in its "Walking Man” contest which was continued over a period of many 
weeks. Paul Whiteman scheduled a “Memory Tune Contest,” beginning March 1 on his Monday 
through Friday record broadcasts over the American Broadcasting Company network at 3:30 p.m., 
E. S. T,, to solicit contributions for the American Council on Rheumatic Fever of the .American 
Heart Association. 

Other notable features in the radio phase of the National Heart Week campaign included a 
broadcast appeal by Hollywood screen actress Ingrid Bergman. Officials of the American Heart 
Association who broadcast special messages during National Heart Week included Dr. A. R. 
Barnes, President, who shared a program with Dr. Thomas Parran, Surgeon General of the 
United States; Dr. H. M. Marvin, Executive Secretary, who was interviewed by Clifton Fadiman; 
and Dr. Charles .A. R. Connor, Medical Director. Federal Security Administrator Oscar Ewing 
also broadcast a special Heart Week appeal. 


Many news and women's commentators devoted time on their broadcasts to appeals for public 
support in the fight against heart disease, and man}' commercial network programs included 
special spot announcements in their regular broadcasts. Magazine articles concerning heart 
disease appeared preceding, during, and after National Heart Week in such magazines as This 
Salttrday Evening Post, Woman’s Home Companion, American Magazine, American Home, 
Ncvjsicctk.^ Time, Forbes Magazine, Look, Parent's Magazirte, The Woman, American Mercury, 
Cosmopolitan, Pathfinder, Hygeia, and Science Illustrated. In addition, magazines published by 
cewperating trade associations and other organizations published articles and editorials on heart 
t ease. I ublications in which these appeared included the American Legion Magazine, The 
Ko.arian, The Lion, and the American Druggist. 

One of the biggest achievements in the magazine field for the heart disease campaign was the 
>rc;iking lead editorial in the January 31 issue of the Saturday Evening Post in which 

tr, 4 ' made a specific appeal for funds for the campaign, listing the address 

to tvinch these funds should 1m: sent. An editorial appeal also appeared in Collier^. 

the t-ovemgc for National Heart Week was thorough and widespread as a result of 

ttirc %r'rv\^ ,'4 fe^iturc writers, columnists, syndicates, press associations, and pic- 

campaign ttequainted with the facts about heart disease sev'eral months before the 
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CARDIAC OUTPUT IN CONGESTIVE HEART FAILURE 
An Analysis of the Reasons for Lack of Close Correlation Between 

THE Sl-AIPTOMS OF HEART FAILURE AND THE RESTING CaRDIAC OUTPUT 


Eugene A. Stead, Jr., M.D., Durham, N. C., James V. Warren, M.D., 
Atl/Vnta, Ga., and Emmett S. Brannon, M.D., Rome, Ga. 

T he function of the heart is to pump blood to the various organs and tissues of 
the body. When the heart action becomes inadequate, the familiar picture of 
congestive heart failure develops. Though there has been general agreement that 
the cardiac output in congestive failure is decreased,^ it has not been possible to 
correlate the symptomatology of the patient with the absolute level of the cardiac 
output. The development of the technique of right heart catheterization has 
.simplified the measurement of the cardiac output in acutely ill patients. The 
cardiac output is calculated from the Fick principle by dividing the oxygen con- 
sumption per minute by the arteriovenous oxygen difference. Arterial blood is 
obtained from any convenient artery by direct puncture and mixed venous 
blood is obtained by the catheter from the pulmonary artery, right ventricle, 
or right atrium. With this new tool, it seemed worthwhile to reinvestigate the 
relation between the cardiac output and the symptoms of congestive failure. 

method 

- » ’ 

The right heart was catheterized via the median antecubital vein.®"'’ The 
oxygen content of the mixed venous blood was determined on samples collected 
from the pulmonary artery, right ventricle, or right atrium. The mean atrial 
pressure was recorded in centimeters of saline, a point 5.0 cm. below the fourth 
costochondral junction being taken as reference point. Samples of arterial blood 

Prom tlie Department of Medicine, Emory University School of Medcine, and the Medical Service 
of Grady Hospital, Atlanta, Ga. 
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were obtained from the brachial or femoral artery, and the arterial pressure was 
recorded b}' the method of Hamilton and associates.^ The ox>'gen content of 
the blood was determined by the method of Van Slyke.® ^ The oxygen con- 
sumption per minute was determined by collecting the expired air for two- or 
three-minute periods and analyzing a sample for oxygen by the method of Hal- 
dane.® The cardiac output is recorded as liters per minute. The cardiac index is 
the cardiac output per liter per minute per square meter of body surface. Heparin 
was used as the anticoagulant for determining the hematocrit reading. The total 
protein concentration was measured by the falling drop method. 


RESULTS 


Normal Subjects . — The cardiac output was measured sixty-six times in sixty- 
one normal subjects. The determinations were done in the morning with the sub- 
ject in the recumbent position and after a twelve-hour fast. Subjects who had a 
hemoglobin concentration below 10 Gm.,or a hematocrit reading below 25, or who 
had evidence of heart or lung diseases were not included. OtheiAvise, there was 
noselection. The subjects were doctors and medicalstudentsworkingin thehospital, 
and patients convalescing from elective surgerj'^ or respiratory infections. The rele- 
vant data on these subjects are given in Table I. No difference was apparent in the 
values for cardiac output in the convalescent patients and the hospital personnel. 
Ever>' effort was made to keep the subjects comfortable and to relieve appre- 
hension. While subjects who had shown signs of anxiety previous to the time of 
catheterization were not selected, no subject was excluded from this series be- 
cause he showed evidences of anxiety during the test, as we were interested in 
establishing the range of cardiac output which would be found in sixty-six consecu- 
tive determinations on normal subjects. The average arteriovenous oxygen differ- 
ence was 4.1 volumes per cent and the average cardiac index was 3.6. These values 
are not significantly different from those previously reported for a smaller group of 
normal subjects who showed no evidence of anxiety. While a few subjects in the 
series reported here had very high cardiac indices because of their emotional re- 
action to the lest, they were in the distinct minority and did not significantly 
modify the average values. 


Patients With Congestive Heart FaiUire . — The cardiac output was measured 
fifty-four limes in forty-eight subjects in congestive failure (Table II). The de- 
terminations wore usually done in the morning after a twelve-hour fast. A few 
patients were studied immediately after admission to the hospital. These patients 
had usually been too sick to eat much food during the day of admission and there 
was no difference in the re.sults in these patients. If the patient was uncomfortable 
m the recuml,)cnt position, the trunk was supported at a 30° angle by aback rest. 
^ alients were not included in this series unless the hemoglobin concentration was 
io\e to jni. and the hematocrit reading above 25. Patients with thvrotoxi- 
cosis or atenovenous fistulas were excluded. 

^. 'T: ill the patients with heart failure was lower than in the 

4 - -44 ^ lunch less overlap than was anticipated. The cardiac 

- -i» i was bfdow 4.5 liters per minute in forty-two, or 78 per cent of the de- 
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terminations in patients with heart failure. It was above 4.5 liters in fifty-four, or 
82 per cent of the determinations in normal subjects. 

The age distribution of the normal and cardiac subjects was not comparable. 
There were many more normal subjects between the ages of 20 and 30 years 
and few were older than 40. In the age group between 29 and 40 years, 
there were twenty-one normal subjects and eighteen cardiac patients. A 
comparison of the values for cardiac output in these two small groups with 
relatively comparable ages shows the same differences between the normal sub- 
jects and the patients with congestive failure that were evident in the groups as a 
whole. 

As the cardiac patients had varying amounts of edema and many of them 
never became edema-free, the true surface area could not be calculated with any 
exactness.' The surface area was calculated from the patient’s height and from his 
weight at the time of the observations. To eliminate the factor of edema, the 
cardiac outputs were plotted against height in normal and cardiac subjects. The 
results obtained were similar to those found by plotting against surface area. 


Oi/M* 



1.5 2 3 4 5 6 7 8 9 iO II 

A'V DIFFERENCE 

Pig. 1. — Relation between oxygen consumption and arteriovenous oxygen difference 
in normal subjects and patients with congestive heart failure. 

The arteriovenous oxygen difference gives a rough index of the relationship 
between the metabolic demands of the body and the efficiency of the circulation. 
In the patients with congestive heart failure, the arteriovenous ox^^gen difference 
was greatly increased. Forty-eight, or 89 per cent, of the determinations in pa- 
tients with failure had an arteriovenous oxygen difference greater than 5.2 volumes 
per cent.. Only nine, or 14 per cent, of the determinations in hormal subjects 
showed an arteriovenous oxygen difference greater than ' 5.2 volume^ per cent. 
(Fig. 1). 
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Tvulk 1. Data ox Circulation in Normal Subjects. Determinations Were Made in 
-Morning After Twelve-Hour Fast. Some Subjects Were Not Relaxed as 
Shown bv High Oxvgen Co.vsumptio.v, Rapid Pulse Rate, and Elev.ated 

Systolic Pressure 


subject 

AGE 

(YR.) 

SE.X 

surface 

AREA 

(square 

METERS) 

HEIGHT 

(IN.) 

oxygen 
consump- 
tion 
(ml. per 

MIN. PER 

square 

meter) 

arterio- 

venous 

oxygen 

differ- 

ence 

(VOLS. 
PER cent) 

CARDIAC 

OUTPUT 

(liters 

PER MIN.) 

CARDIAC 
INDEX ^ 

(liters 

PER MIN. 
PER 

SQUARE 

meter) 

C. A. 

23 

M 

1.88 

71 

138 

3.9 

6. 

6 

3.5 

J. A. 

33 

M 

1.94 

71 

168 

3.4 

9. 

6 

4.9 

R. A. 

22 

F 

1.76 

69 

148 

3.7 

7. 

0 

4.0 

C. B. 

23 

M 

1.90 

73 

123 

3.0 

7. 

8 

4.1 

W. B. 

27 

M 

1.76 

73 

143 

2.4 

10. 

5 

6.0 

H. B. 

26 

M 

1.99 

73 

147 

3.2 

9. 

1 

4.6 

E. C. 

14 

M 

1.76 

70 

120 

5.6 

3. 

8 

2.2 

0. F. 

41 

F 

1.55 

63 

131 

5.2 

3. 

9 

2.5 

M. H. 

39 

F 

1.91 

70 

124 

4.7 

5. 

0 

2.6 

B.J. 

39 

M 

1.86 

68 

128 

3.6 

6. 

5 

3.5 

I. L. 

29 

F 

1.63 

64 

125 

2.9 

7. 

0 

4.3 

N. P. 

37 

F 

1.59 

64 

113 

2.1 

8. 

6 

5.4 

s. s. 

35 

F 

1.59 

63 

123 

3.6 

5. 

4 

3.4 

W. M. S. 

44 

F 

1.73 

66 

114 

4.1 

4. 

8 

2.8 

J W. 

42 

M 

1.68 

66 

152 

5.4 

4. 

7 

2.8 

E. W. 

58 

F 

1.60 

63 

. 133 

4.6 

4. 

,6 

2.9 

W. A. 

23 

M 

1.86 

70 

116 

5.3 

4. 

,1 

2.2 

J.B. 

30 

M 

2.04 

71 

140 

4.2 

6. 

,8 

3.3 

J. S. 

30 

M 

1.75 

68 

122 

4.7 

4, 

.5 

2.6 

V. M. 

18 

M 

1.77 

66 

145 

3.2 

8. 


4.5 

0. F. 

31 

M 

1.87 

71 

129 

6.8 

3, 

.6 

1.9 

A. R. 

40 

M 

1.87 

73 

175 

4.8 

6 

8 

3.6 

T. B. 

23 

M 

1.88 

71 1 

119 

5 6 



2.1 

H. A. 

21 

M 

1.77 

71 ! 

157 

3.9 


fM 

4.0 

L. H. j 

38 

M 

1.69 

68 

117 

4.5 



2.6 

L. H. 

32 

M 



107 

4.0 



2.7 

.1. J. 

1.87 

71 

133 

5.1 

4 

.8 

2.6 

J. H. 

30 

M 

1.58 

61 

209 1 

4.3 

7 

,7 

4.9 

J. A. H. 

19 1 

M 

1.82 

71 

134 

2.7 

9 

.0 

4.9 

E. -A. 

30 

M 

1.81 

68 

142 

3.4 

7 

7 

4.2 

N. A, 

33 

M 

1.75 

70 

130 

4.6 

5 


2.9 

L. R. 

22 

M 

1.95 

72 

116 

3.3 

6 

.9 

3.5 

J. B. 

36 

M 

2.00 

69 

127 

3.6 

7 

. 1 

3.6 

u. L. 

W. W. 

F. W. 
M.S. 

J. F. 

C. G. 

W. F. 

‘E. S. 

•W. M. 
•W. M. 

16 

57 

23 

22 

22 

22 

24 
35 
23 

M 

M 

M 

M 

M 

M 

iM 

M 

M 

1.73 

1.73 

1.98 

1.68 

1.80 

1.73 

1.81 

2.04 

1.90 

68 

66 

72 

68 

70 

68 

69 

73 

71 

142 

129 

106 

128 

no 

124 

107 

109 

103 

5.6 

4.2 

5.7 

6.5 

5.0 

3.3 

5.2 

4.6 

3.2 

4 

5 
3 

3 

4 

6 

3 

4 
6 

.4 

.3 

.8 

.4 

.0 

.6 

.6 

.9 

.1 

2.5 

3.1 

1.9 

2.0 

2.2 

3.8 

2.1 

2.4 

3.2 

*W. L. 
•C. G. 

nv. s. 

*VV. F, 

•R.G. 

nv. B. 
nv. B. 

22 

22 

25 

23 

22 

23 

23 

M 

M 

M 

M 

M 

M 

M 

2.04 

1.91 

2.04 

1.85 

1.87 

1.98 

1.93 

73 

74 

73 

71 

70 

72 

71 

120 

121 

131 

133 

114 

130 

129 

146 

3.1 

4.7 

3.8 
3.5 
4.3 
5.0 

4.2 

1.9 



3.9 

2.6 

3.4 

3.8 

2.7 
2.6 

3.1 

7.7 






122 

3.1 

7 

.6 

3.9 
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Tabi-e I. Data on Circulation in Noraial Subjects. Determinations Were Made in 
Morning After Twelve -Hour Fast. Some Subjects Were Not Relaxed as 
Siiow.v BY High Oxygen Consumption, Rapid Pulse Rate, and Elevated 
Systolic Pressure — Continued 


SUBJECT 

age 

(yr.) 

SEX 

surface 

AREA 

{square 

meters) 

HEIGHT 

(IN.) 

OXYGEN 
CONSUMP- 
TION 
(ml. per 

MIN. PER 
SQUARE 

meter) 

ARTERIO- 
VENOUS 
O.XYGEN 
DIFFER- 
ENCE 
(VOLS. 
PER cent) 

CARDIAC 

OUTPUT 

(liters 

PER MEN.) 

CARDIAC 

INDEX 

(liters 

PER MIN. 
PER 

SQUARE 

meter) 

*L. M. 

30 

M 

1.84 

67 

138 

6.1 

4.2 

2.3 

*B. J. 

25 

M 

1.99 

71 

140 

4.7 

5.9 

3.0 

♦H. B. 

26 

M 

1.99 

73 

159 

3.2 

9.9 

5.0 

*J. c. 

16 

M 

1.69 

70 

130 

4.1 

5.4 

3.2 

*P. M. 

17 

M 

1.78 

67 

143 

4.0 

6.4 

3.6 

*C. L. 

33 

M 

1.77 

69 

135 

3.8 

6.3 

3.6 

*S. L. 

27 

M 

1.76 

67 

129 

3.3 

6.8 

3.9 

*G. H. , 

39 

M 

1.93 1 

70 1 

130 i 

4.1 

6.3 

3.3 

*J. F. 

27 

M 

1.63 1 

65 1 

146 

4.0 

6.0 

3.7 

♦Y. W. 

25 

M 

1.82 

70 

138 

3.4 

7.4 

4.1 

nv. P. 

32 

M 

1.74 

65 

162 

3.2 

8.8 

■ 5.1 

*W. P. 





153 

2.7 

9.9 

5.7 

nv, p. 





142 

4.1 

6.0 

3.4 

*J. T. 

31 

M 

1.84 

69 

181 

2.9 

11.5 

6.2 

4 . R. 

22 

M 

1.84 

68 

160 

2.9 

.10.2 

5.5 


♦Data reported In J. Clin. Investigation 24:326, 1945. 


The degree of dyspnea and orthopnea and the atrial pressure reading varied 
greatly in this series, depending upon whether salt had been restricted in the diet 
and a mercurial diuretic administered. These patients were either in chronic 
heart failure, requiring salt restriction and the biweekly administration of a 
mercurial diuretic to remain comfortable, or they were new admissions to the 
hospital who were studied before therapy. In general, the group was composed of 
patients with severe heart failure. 

The atrial pressure, arterial pressure, and pulse rate could not be correlated 
with the symptoms or with the cardiac output. The etiology of the heart disease 
made no difference in the findings. Equally severe reductions in cardiac output 
were found in all of the common types of heart disease (Table I). 

Response to Lanatoside C . — Patients with congestive failure who had not 
been receiving digitalis were given 1.6 mg. of lanatoside C intravenously. This 
produced a decrease in arteriovenous oxygen difference, an increase in cardiac 
output, and a rapid fall in atrial pressure which was not dependent on a change in 
blood volume. The amount of subjective relief which occurred in the first hour 
after the drug was given was quite variable. Regardless of the rise in cardiac 
output, the patients always remained dyspneic and orthopneic, though in some 
these symptoms were less marked. These observations will be reported in detail 
elsewhere. At present, it is sufficient to emphasize that symptoms of dyspnea and 
orthopnea' persisted after the cardiac output was increased by lanatoside C. The 
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disappearance of the dyspnea Avas dependent on the relief of pulmonary edema. 
It takes some time for the wet lungs to become dry even though the cardiac out- 
put in certain instances may be brought quickly to an adequate level by digitalis. 

Patients With Congestive Heart Failure and Severe Anemia or Thyrotoxicosis . — 
Observations were made on two patients with severe anemia and heart failure. 
One was anemic because of severe menorrhagia, and the second because of renal 
failure. The atrial pressure was greatly increased and dyspnea, orthopnea, and 
edema were marked. The cardiac outputs were considerably higher than would 
have been expected in a normal subject of the same size and height (Table III). 
Similar obsen^ations were recorded in two patients with thyrotoxicosis and heart 
failure Table (III). Both severe anemia and thyrotoxicosis cause a great increase 
in the cardiac output under basal conditions. It is to be expected, therefore, that 
congestive failure might develop long before the resting output fell to the level 
found in normal subjects. 


DISCUSSION 


The occurrence of high atrial pressure and congestive failure in the presence 
of an elevated cardiac output in the patient with anemia or thyrotoxicosis is of 
considerable interest. We have pointed out before that the damming back of 
blood behind the right ventricle because of heart failure is not an adequate ex- 
planation for the rise in venous pressure.'^ Since the blood circulates in a closed 
system, the left ventricle can pump to the right ventricle only the blood which 
has been pumped to it by the right ventricle plus that amount of blood 
which can be delivered to the left ventricle, independent of the right ventricle, 
by active vasoconstriction in the lungs. There is no evidence that vasoconstric- 
tion in the lungs can push any large amount of blood into the systemic circulation. 
The rise in venous pressure in these patients appears to be related to the increased 
blood volume which occurs in chronic congestive failure and to venoconstriction 
which occurs in the presence of an Inadequate output of the left ventricle. The 
possible explanations for such venoconstriction have been recently summarized 
by Merrill and associates.® 


The cardiac output of normal subjects is increased above the normal resting 
level by work and by apprehension.^-'^ Which of these factors is at work to in- 
crease the cardiac output can frequently be determined by observing the oxygen 
consumption and arteriovenous oxygen difference." Work results in a sharp in- 
crease in oxygen consumption and a slight widening of the arteriovenous oxygen 
difference. Apprehension results in a considerable decrease in arteriovenous 
oxvgen difference and a smaller rise in oxygen consumption. WTien the oxygen 
consumption per square meter is plotted against the arteriovenous oxygen differ- 
ence ( able 1), it is apparent that increased oxygen consumption in the normal 
suDjects IS associated with a marked decrease in arteriovenous oxygen difference, 

were apprehensive. In the patients -with cardiac 
difierpni-' c ^ ^ ^ Consumption Avere associated with large arteriovenous 

differences (lable 11;, indicating that the circulation Avas inadequate for the 


^^TErj 
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meiAboiic needs of the body at the time of the study. The abnormally large 
arteriovenous oxygen difference at rest is probably a better indication of the actual 
inadequacy of the circulation than is the absolute level of the cardiac output. 

The finding of a reduced cardiac output in patients with uncomplicated 
congestive heart failure agrees with the results of other investigators using the 
hick principle. McGuire and collaborators® obtained blood from the heart of 
se\'eral patients by direct puncture. The South American investigators^ ob- 
tained blood from the right atrium by cardiac catheterization. Harrison^ and 
Stewart and Cohn,i® ygi^g the acetylene method, found a reduced cardiac output 
and an increased arteriovenous oxygen difference in patients with moderately 
severe congestive failure. 

It is rather surprising to find such uniform agreement among the various 
investigators who have measured the cardiac output in congestive failure. The 
conditions under which the data are collected are such as to minimize the differ- 
ences between a normal and a failing circulation. The cardiac subject at rest in 
the basal state may have an entirely normal output and still have easily demon- 
strable circulator^-' failure on mild exertion.^^ The reserve in the cardiovascular 
system is in the direction of increasing the cardiac output. The output does 
not have to be reduced far below the resting level to produce signs of circulatory 
failure in the normal subject. 

While there is general agreement that the cardiac output in congestive failure 
is reduced, there has been less agreement as to the relation between the reduction 
of cardiac output and the symptoms of heart failure. Most investigators 
have found no constant relationship between the absolute level of the cardiac 
output and the presence of dyspnea, orthopnea, and edema. Our findings are simi- 
lar. 

This lack of correlation between the absolute level of the cardiac output and 
the stmiptoms of failure is shown most strikingly in the data collected on the pa- 
tients with heart failure complicated by anemia and thyrotoxicosis. The patient 
with severe anemia and heart failure will have a high cardiac output at rest in the 
presence of all the usual signs and symptoms of severe congestive heart failure. 
If his anemia is controlled, the cardiac output will decrease and the signs of failure 
will disappear. This same sequence of a high cardiac output vdth failure and a 
low cardiac output with compensation is seen in heart failure produced by thyro- 
toxicosis. The thyrotoxic patient with failure has a high output at rest, but be- 
cau.'Jc it is not high enough to satisfy the needs of his increased metabolism, 
failure occurs. If the hjperthyrbidism is satisfactorily treated, the requirements 
of the body for blood are greatly decreased. The cardiac output falls to a normal 

c\c , but the output is now adequate for the body needs and compensation 
occurs, 

5 • I concept that certain patients develop congestive failure with a 

compensate with a smaller cardiac output appears 
re cc. Tt to the conclusion that this is a common occur- 

r, me output during the usual daily working routine is considerably 
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eIe^'ated over tlie basal level. Most patients develop failure during activity. At 
that time the cardiac output is above the resting level but is inadequate for 
the needs of the active patient. On resting the cardiac output falls as in a norma! 
subject. With the reduction of the need for blood the output is now adequate, 
and the subject compensates with an output considerably lower than that present 
while he was decompensating. 

The restless, dyspneic, ill patient Avith failure may have an abnormally large 
requirement for blood as demonstrated by a high arteriovenous oxygen difference 
in the presence of an output equal to that of a normal resting subject. If the water 
logging of the lungs is relieved by sodium restriction and if the patient becomes 
quiet and is able to breathe normally, the patient may remain compensated at 
rest with the same cardiac output as on admission. That compensation at rest 
has occurred may now be demonstrated by the fact that the patient can eat large 
amounts of salt without forming excessive edema. If the apprehension and 
restlessness on admission were particular!}'’ severe, he may remain compensated 
at rest with an even lower output than he had on admission. 

The symptoms due to retention of fluid in the lungs may persist after the out- 
put has become adequate. For example, a patient treated with digitalis may 
quickly increase his cardiac output to a level adequate to cause a rapid diuresis. 
Nevertheless, man}'' of the symptoms of waterlogged lungs will remain until the 
kidneys have removed the retained salt and water. 

If the cardiac output is measured at rest the following combinations may be 
expected to exist; 

1. Cardiac output low with failure; remains low with the disappearance of symp- 
toms. Symptoms will be relieved by sodium restriction and continued use of 
diuretics. Majority of patients reported in this paper fall into this classifica- 
tion. 

2. Cardiac output low with failure, increases with administration of digitalis or 
when such complications as pulmonary infarctions clear up. Does not require 
salt restriction or diuretics when activity is reduced by bed rest. 

3. Cardiac output normal with failure; remains normal on compensation. De- 
compensation develops with increased activity. Cardiac output adequate at 
rest; symptoms at time of study present because of waterlogging of the lungs, 
which will persist until diuresis is completed. 

4. Cardiac output high with failure; falls with compensation. This combination 
is present in (a) restless, apprehensive, dyspneic patients whose output is 
adequate for rest but inadequate for apprehension and mild exertion and 
(b) patients with hyperthyroidisrh, anemia, arteriovenous fistulas, patent 
ductus. arteriosus, beriberi, and certain infections. 

Thus, it appears that symptoms of congestive failure develop whenever the 
cardiac output is inadequate for the demands of the tissues over a prolonged period 
of time and that there is no-absoIute level of cardiac output at which the symptoms 
of congestive failure appear. 


540 


AMERICAN HEART- JOURNAL 


The finding that there is no close correlation between the level of the cardiac 
output and the presence of dyspnea or orthopnea has led to the concept that these 
symptoms are only indirectly related to the level of the cardiac outputs The 
dyspnea and orthopnea are related to the waterlogging of the lungs, and anything 
which relieves the edema of the lungs will improve these symptoms even though 
the cardiac output remains inadequate. Why does waterlogging of the lungs occur 
in heart failure? 

Merrill^^ has shown that an inadequate cardiac output is associated with a 
reduced renal blood flow and a reduced glomerular filtration rate. This may 
occur at any level of cardiac output. In patients with heart failure who are exer- 
cising and in patients with heart failure with thyrotoxicosis, the cardiac output 
may be increased above the basal level but still be inadequate for the needs of 
the body.^^ This will be reflected by a striking reduction in renal blood flow. He 
believes that in cardiac failure salt and water are retained because the sodium 
conserving function of the tubules causes them to reabsorb the majority of the 
reduced amount of sodium presented to them in the glomerular filtrate. Some 
factor other than sodium retention by the kidney must account for the marked 
tendency of the cardiac patient to localize the retained fluid in the lungs. It is 
believed that high pulmonary venous and capillary pressures, due to failure of 
the left ventricle, account for the fact that so much of the sodium and water re- 
tained by the kidney localizes in the lungs and that the dyspnea and orthopnea 
are symptoms produced by this edema. The waterlogged lungs may be treated by 
sodium restriction and the use of diuretics. This relieves the symptoms without 
altering the circulation. They may be treated by increasing the cardiac output 
by digitalis. This improves the circulation to the kidneys and causes a diuresis. 
They may be treated by correcting such complications as anemia and hyperthy- 
roidism, thus decreasing the demands of the tissues for blood and making the 
cardiac output adequate. 


SUMMARY AND CONCLUSIONS 

1. The cardiac output was measured at rest after a twelve-hour fast in 
normal subjects and in patients with severe congestive failure. The cardiac output 
was less than 4.5 liters per minute in 78 per cent of the determinations in patients 
with failure. It was above 4.5 liters per minute In 82 per cent of the determina- 
tions in normal subjects, 

2. In two patients with severe anemia and in two patients ivith hyperthj^- 
roidipsn, the cardiac output was greatly increased above the normal value in the 
presence of congesti\'e failure. These patients demonstrate that there is no abso- 
lute le\el of cardiac output at which congestive failure develops. The cardiac 
output \\ as increased, but not to a level adequate for the requirements of the 
i K V . -ongestive failure occurs whenever the output of the heart is inadequate 
ior the needs of the tissues o\-er a long period of time. 

. pulrnonary congestion are caused by waterlogging of the 

^ of edema in the lungs depends on (a) the height of the pulmonarv 
-I’ ul Produced by the left ventricular failure and (b) the amount of 

water retained by the kidneys. .Salt restriction in the diet may lessen 
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pulmonary congestion without altering the circulation. Because of the many 
variables involved, there is no close relation between the symptoms of heart 
failure and the cardiac output. 

4. If the cardiac output is measured at rest, the following-combinations may 
be expected to exist: 

A. Cardiac output low with failure ; remains low with the disappearance 
of symptoms. Symptoms are relieved b}' sodium restriction and continued 
use of diuretics. Majority of patients reported in this paper fall into this 
classification. 

B. Cardiac output low with failure; increases with administration of 
digitalis or when such complications as pulmonary infarctions clear up. Does 
not require salt restriction or diuretics when activity is reduced by bed rest. 

C. Cardiac output normal with failure; remains normal on compensa- 
tion. Decompensation develops with increased activity. Cardiac output 
adequate at rest ; symptoms at time of study present because of waterlogging 
of the lungs which will persist until diuresis is completed. 

D. Cardiac output high with failure; falls with compensation. This 
combination may be shown by (1) restless, apprehensive, dyspneic patients 
whose output is adequate for rest but inadequate for mild e.xertion ; and by 
(2) patients with hyperthyroidism, anemia, arteriovenous fistula, patent 
ductus arteriosus, beriberi, and certain infections. 
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CONCEAlLED A-V CONDUCTION: THE EFFECT OF BLOCKED IM- 
^ PULSES ON THE FORMATION AND CONDUCTION 
OF SUBSEQUENT IMPULSES 


R. Langendorf, M.D. 
Chicago, III. 


A n infrequent phenomenon which amplifies the physiology of impulse 
conduction and impulse formation is the effect of concealed A-V conduction. 
Under these circumstances, an impulse manifests its effect by altering the trans- 
mission or timing of subsequent beats without being manifest electrically itself. 

In 1894, Engelmann^ stated that every effective stimulus applied to the 
auricle, even if it is not followed by a ventricular response, lengthens the suc- 
ceeding A-V interval. The actual mechanism to account for this effect was 
investigated much later. In 1925, Ashman- studied the influence of blocked 
impulses on subsequent conduction in compressed auricular muscle of the turtle 
heart. He observed that the earlier the blocked impulse follows a transmitted 
one, the less is its effect upon the conduction time of a subsequently transmitted 
impulse; and, conversely, the later the blocked impulse follows the transmitted 
one, the greater is its effect upon subsequent conduction. Drury and Andrus'* 
investigated the effects of hydrogen ion concentration upon the muscle of the 
dog’s auricle perfused with Locke’s solution, and were able to show that a condi- 
tion comparable to that termed decrement arises when oxygen-free perfusates of 
pH 7.0 are used. The condition is one in which an impulse is found to slow down 
to a halting point in its course through the affected muscle. Similarly, Drury'* 
in his observations upon intra-auricular block produced by pressure or cooling 
stated that “the excitation waves fail to pass through compressed muscle, not 
because they reach irresponsive muscle, but because they fade away as they 
travel.” In his investigation of 2:1 block, he presented evidence that the alter- 
nate (blocked) impulses enter the damaged region and deprive it of the rest period 
which it obtains when the rate is halved. Lewis and Master® in their classical 
observations upon A-V conduction in the mammalian heart demonstrated clearly 
that in 2 -.I A-V block, whether produced by raising the auricular rate, by stimulat- 
ing the vagus, or by poisoning with quinidine or the products of asph>ocia, the 
conduction intervals are lengthened by the presence of the alternate auricular 
beats, that is, tho.se to which the ventricle fails to respond. They defined the 
phase of interference" as that period of the cycle during which an impulse which 
fails t«» be conducted from auricles to ventricles nevertheless influences the passage 
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of the succeeding impulse, postponing or preventing the ventricular response. 
The phase of interference was found to begin immediately after the period which 
can be regarded as corresponding to the absolute refractory state of the A-V 
tissues, and it is operative until conduction from auricles to ventricles occurs. 
The phase of interference is brief, occupying 0.02 to 0.09 second in the dog’s 
heart. When an auricular impulse falls within this phase, it is conveyed into 
the conducting tissues but does not traverse them. The impulse so conveyed 
affects the rest period of those portions of the conducting tissues which the im- 
pulse reaches, and in this manner lengthens the next conduction interval, Lewis 
and Drury,® in revising the views of the refractory period, stated that “when the 
impulse falls early, the response or nonresponse of the A-V tissues is gauged, 
not by response or nonresponse of the ventricle to that particular impulse, but 
by 'the presence or absence of its effect on subsequent conduction.” 

Concealed conduction in the A-V junction and its influence on subsequent 
conduction can also be observed in the human heart. The prolongation of the 
P-R interval after interpolated ventricular premature systoles is the most obvious 
example of this phenomenon. The retrograde impulse of the ventricular prema- 
ture systole penetrates into the A-V bundle or A-V node and is stopped before 
.reaching the auricles. The next sinus impulse finds the A-V junction still affected 
by the retrograde impulse, and this is reflected in the prolonged A-V conduction 
time of the postextrasystolic beat. Actually, the same mechanism sometimes 
may be responsible for the complete blocking of the postextrasystolic sinus impulse 
giving rise to the fully compensatory pause. The region of the A-V junction 
affected by the retrograde impulse of the ventricular premature systole, rather 
than the 'refractory state of the ventricular muscle, may be responsible for the 
failure of the postextrasystolic sinus impulse to elicit a ventricular response. 

Lewis and Oppenheimer' demonstrated, in the experimental animal, increase 
in the grade of partial A-V block following ventricular premature systoles in the 
absence of retrograde auricular stimulation. Rothberger® pointed out that ven- 
tricular premature systoles occurring in the presence of auricular fibrillation, 
particularly bigeminal rhythm after administration of digitalis, tend to be fol- 
lowed by a ventricular pause which is longer than the average interval between 
two transmitted beats. This can only be explained by inhibition of the A-V 
conduction by the impulse of the ventricular premature systole, which penetrates 
in a retrograde fashion into the A-V junction. 

■ In the unusual cases of complete A-V block with retrograde response, it can 
be demonstrated (Winternitz and Langendorf®) that the blocked forward impulses 
penetrate into the A-V junction and influence the retrograde conduction of the 
idioventricular beats ; only those idioventricular beats which occur in late auricular 
diastole are followed by retrograde P waves, and the retrograde conduction times 
vary inversely with the preceding P-R distance. The effect of a blocked impulse 
on the succeeding conducted impulse is also evident in the unique case of 2:1 
A-V block with reciprocal auricular beats, reported by Wolferth and McMillan.^® 
Here, the P-R interval of the beat following a blocked sinus impulse is longer than 
the P-R of the beat following an impulse that was conducted to the auricles in a 
retrograde fashion. This can be explained by the fact that the period of rest in 
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the depressed region of the A-V junction is greater when a forward impulse fol- 
lows a conducted retrograde impulse than when ttvo forAvard impulses occur in 
succession, the first of wdiich must have entered the region of block ivithout travers- 
ing it. A similar mechanism was assumed by Wolferth^^ to explain an arrhythmia 
suggesting a supernormal recovery phase. A retrograde impulse which pene- 
trates into the region of A-V' block may prevent a simultaneous sinus impulse 
from penetrating into the same region a little later; thus, the rest period of the 
critical area is prolonged and this may allow complete conduction of the sub- 
sequent sinus impulse. 

Hoivever, it is conceivable that the effect of blocked impulses upon sub- 
sequent conduction may manifest itself not by inhibition but by enhancement, 
since the existence of a supernormal phase of conduction in damaged tissue has 
been demonstrated 'phis may apply to forward conduction following blocked 
retrograde impulses or to retrograde conduction following blocked forward in- 
pulses. Such an explanation w^as actually offered^® to account for the occurrence 
of retrograde conduction in a case of complete A-V block. 

Lewis and Master^ showed that a blocked A-V impulse may not only delay 
the transmission of the subsequent impulse but may prevent it from reaching the 
ventricles, so that multiple blockage takes place. Wenckebach and Winter- 
berg^^ considered it likely that the multiple blockage associated with auricular 
flutter is also an incomplete one in the sense that only the last of the blocked 
flutter impulses is blocked completely, whereas the others penetrate into the junc- 
tional tissues and are stopped before reaching the ventricle. They suggested that 
such invisible and varying inhibitory effects of the blocked flutter impulses may 
account for the difficulty, if not impossibility, of analyzing some curves of auricular 
flutter wdth a var^dng ratio of A-V conduction. Kaufmann and Rothberger'® 
reported a case of auricular flutter with 2:1 conduction and alternans of A-V 
conduction. They explained the phenomenon by assuming that the alternate 
blocked flutter impulse penetrates into a limited portion of the junctional tissues; 
the varying and alternating conduction times of the conducted impulses can 
readily be accounted for by the varying distance affected by the alternate blocked 
impulse, as will* be shown in one of our own observations. 

Recently, we observ'ed’® a most unusual case piesenting the effect of blocked 
A-V nodal impulses on subsequent conduction. In a record with frequent 
nodal premature systoles, there were instances of “dropped beats” without 
preceding lengthening of P-R, and in one instance, a sudden P-R prolongation 
of a single sinus beat. Careful analysis of the record revealed that the "dropped 
Ixjats were due to interference in the A-V junction of the sinus impulse with the 
retrograde impulse of a blocked nodal premature systole, and the unexplained 
P-R prolongation of a single sinus beat ivas due to a blocked and interpolated 
nodal premature systole. 

Conceakid response in the A-V junctional tissues does not only influence sub- 
.aqurnt in. pulse conduction; it may also have an effect on the formation of 
mipu se*. In A-V dissociation, where the ventricles are under the control of an 
- ' nodal pacemaker while the auricles are under the control of the slower S-A 
t K stnus impulse.-! occurring at an opportune time are conducted to the ven- 
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tricles and give rise to early ventricular responses, ventricular Capture. These 
conducted sinus impulses pass through the region of the A-V nodal pacemaker 
and discharge it, so that the time schedule of the nodal pacemaker is disturbed 
and its impulse formation starts anew. Instances have been reported^^--^ indicat- 
ing that under the preceding circumstances the sinus impulse may pass the 
region of the A-V nodal pacemaker but not reach the ventricles. The blocked 
sinus impulse penetrates into the A-V junction and before fading out destroys 
the immature A-V nodal impulse, thus postponing the nodal discharge and causing 
a disturbance of the ventricular rhythm. 

The following four examples are reported to further demonstrate the effect 
of blocked impulses. Fig. 1 shows a phenomenon which has been observed 



Fig. 1 . — Record obtained on a C4-year-old man without signs' of cardiac failure. In Lead I, two 
sinus beats are followed by a run of six auricular premature systoles (Pi-Pe), of wliicli the first, third, 
and sixth are conducted, whereas the second, fourth, and fifth are not followed by a ventricular com- 
plex. Pi appears on top of T of the second sinus beat and is conducted with a P-R interval of 0.24 
second. While P 2 , with an R-P of 0.12 second, is blocked, P4, with a slightly longer R-P (0.13 second), 
is not only blocked but is followed by another blocked P (P^). Note that impulse P 5 is blocked, although 
it occurs much later in diastole than P, which was conducted. Impulse P 4 must have penetrated into 
the junctional tissues and made them refractory when the subsequent impulse (Pg) arrived; this assump- 
tion is substantiated by the findings in Lead II. The fact that P-R of the third premature boat is 0.02 
second longer than that of the sixth premature beat suggests that the blocked impulse P 2 also affected 
the A-V junction. In Lead II, after two sinus beats, a run of eight auricular premature systoles (Pi-Ps) 
occur in succession, the first, third, fourth, sLxth, and seventh are followed by a ventricular complex, 
the second, fifth, and eighth are blocked. Of the conducted ones, P 4 and P 7 occur rather early in diastole! 
having an R-P of 0.16 second and 0.15 second, respectively. The blocked impulses occur after an R-P 
of 0.10 second (Pa), 0.03 second (Pj), and 0.03 second (Ps): in this lead the blocked impulses have no 
demonstrable effect on the P-R of the subsequent beat. In Lead III, after four sinus beats, three 
premature P waves (P 1 -P 3 ) occur in succession. The middle one, with an R-P of 0.115 second, is blocked 
but affects the transmission time of the succeeding premature auricular impulse (P 3 ), which measures 
0.24. second as compared with 0.21 second of the preceding one (Pi); the difference of 0.03 second is 
very significant, considering the fact that P 3 occurs later in diastole than Pi. This case presents a 
phase of interference” which follows the actual absolute refractory phase and precedes the period during 
which irnpulses are followed by a ventricular response. The short strips do not allow an accurate de- 
terndnation of the duration of the phase of interference. It begins, at most, O.II5 second after the 
start of QRS and it ends at least 0.13 second after QRS, thus lasting for at least 0.015 second. 
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before.**’-^ When two auricular premature systoles occur in succession, the first 
of which is “blocked,” the blocked auricular impulse may give rise to undue pro- 
longation of the P-R of the subsequent auricular premature systole or may actu- 
ally be responsible for a failure of the ventricles to respond to the second prema- 
ture impulse, so that two blocked auricular premature systoles occur in suc- 
cession. 

Fig. 2 shows a second degree A-V block varying between 2:1, 3:2, and 4:2. 
All ventricular beats in Leads I and II are considered to be conducted, since 
L.ead III shows a ventricular pause which is considerably longer than any pause 
in Leads I or II. Some of the conducted P waves occurring late in ventricular 
diastole are transmitted with a P-R shorter than that of other beats occurring 
earlier in diastole (compare P3-R3 of Cycle 3 with that of Cycle 4 in Lead I). 
This can be explained by the effect on subsequent conduction of a blocked im- 
pulse belonging to the P wave partly hidden in the preceding QRS complex. 
The assumption that such early auricular impulses actually penetrate into the 
A-V junction without reaching the ventricles is substantiated by the occurrence 
in the same record of a ventricular response to impulses falling only 0.01 second 
later in the ventricular cycle (namely. Lead II, Cycle 4). On one occasion such a 
blocked but almost conducted impulse not only postponed the transmission of the 
succeeding impulse but actually prevented it, so that a double blockage occurred 
(namely, Lead III, Cycle 6). The disturbance of impulse conduction observed 
in this patient is analogous to that produced by Lewis and Master® in the dog’s 
heart by “shifting the middle (blocked) auricular beat” in 2:1 A-V block, so that 
the middle P occupies a different position in the cycle, preceding, falling into, or 
occurring after the “phase of interference.” Tables 1 and II demonstrate the 
effect of the blocked impulses (P2) on the transmission time (P3-R3) of the sub- 
sequent impulses (P3). It can be seen that this effect is dependent on the dura- 
tion of Ri-P; which indicates the time at which the impulse of P2 falls in the car- 
diac cycle. With R1-P2 measuring 0.06 to 0.15 second, P3-R3 measures 0.39 
to 0.41 second; with R1-P2 measuring 0.16 second, P3-R3 increases abruptly to 
0.46 to 0.48 second ; and with R 1-P2 measuring 0.17 second or more, Po is followed 
by R" (with one exception which will be discussed) and Ps-Rs rises to infinity, 
the auricular impulse (P3) failing to reach the ventricles. On one occasion 
(Lead III, Cycle 6), with a Ri-P2 of 0.18 second, block occurs for two P waves 
(P2 and P3) in succession. Pi-Ri of Cycle 7 is short (0.40 second), indicating 
that it was not influenced by the preceding impulse (P3 of Cycle 6) although the 
latter occurred very late in the cycle; this in turn proves that the impulse P2 
of Cycle 6 was responsible for the blockage of P 3 of this cj^cle. In this instance, 
the delaying effect of a blocked impulse is so great as to equal that of a conducted 
f»ne. thus causing actual blockage of the subsequent impulse. 

I sg. .5 is similar to the case of Kaufmann and Rothberger^® mentioned pre- 
vious \ , ii shows a case of auricular flutter with 2:1 A-V conduction and an alter- 
nans m the spacing of R-R. The diagram of Lead I, Fig. 2, which applies to the 
tu a case of sinus rhythm with 2:1 A-V block, illustrates how. 
> I P eudoaiternans of the A-V conduction can be explained by the effect of the 
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I'ig. 3. Auricular flutter ■'vith 2;1 A-V conduction. The flutter waves occurring at a rate of 310 
per minute are clearly seen in Leads II, III, CFj, and CF^. The ventricular rate shows a regular irregu- 
larity, In that a long R-R alternates with a short R-R, the dillerenco measuring 0,03 to 0.04 second; 
this Is easily rccogiilzcd by comparing the Intervals between the R waves and the preceding F waves, 
or the intervals between the R waves and the subsequent F waves. The alternation in contour of the 
ventricular complexes can be accounted for in part by dlHercnt superimposition of QRS-T and the F 
«ate. The alternation in length of the F-R intervals of the conducted flutter impuses can be e.xplaincd 
by the alternating effect of the blocked flutter impulses (compare with the identical mechanism in Fig. 
2, Ij'ad I). 
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alternate blocked auricular impulse which penetrates into the junctional tissue. 
It cannot be determined whether all blocked flutter waves fall in the “phase of 
interference,” with the one occurring later in the cycle exerting the more marked 


Table I. Measurements of the Record Illustrated in Fig, 3* 


LEAD 

CYCLE 

Pi-Ri 

Rl-Po . 

P2-R: 

P 2 -P 3 

! 

Ps'Rj 

Rj-Ps 

I 

1 

44 

13 

00 

56 

- 40 

69 


2 , 

40 

16 

00 

1 57 

48 

73 


3 

48 

6 

CO 

56 

40 

i 62 


4 

40 

16 

CO 

57 

48 

1 73 


I 5 

48 

10 

CO 

56 

40 

66 


! ^ 

40 

16 

CO 

56 

46 

72.5 

11 

1 

38.5 

18 

44 

56 

CO 



2 

44 

12 

00 

56 

41 

68 


3 

41 

13.5 

00 

58 

40 

71.5 


4 

40 

17 

50 

60 

CO 



5 

50 

6 

CO 

56 

41 

62 


6 

41 

15 

CO 

56 

40 

71 

III 

1 

46 

13 

1 

CO 

56 i 

40 

69 


2 

40 

19 

50 

58 

CO 



3 ! 

50 i 

8 

00 

56 

41 

64 


4 ^ 

41 I 

- 15 

CO i 

58 1 

39 

73 


5 

39 

20 

44 

58 

00 



6 

44 

18 

oo 

60 

00 j 

78 


7 

40 

19 

44 

60 

00 



8 

44 

16 

CO 

60 

48 

74 


*The end of P was easier to determine than its beginning; for that reason, in the above figure, P 
stands for the end of P and R for the beginning of QRS. All measurements are in hundredths of a second. 
Discussed in text. 


Table II. Measurements of Table I Arranged in Order of Increasing Duration of 
R 1 -P 2 To Demonstrate the Influence of the Position of Ps on P 3 -R 3 


R 1 -P 2 

P 2 -R 2 

F 3 -R 3 

6 

00 

40 

6 

00 

41 

8 

00 

41 

10 

CO 

40 

12 

00 

41 

13 

00 

40 . 

13 

00 

40 

13.5 

00 

40 

15 

00 

40 

15 

00 

39 

16 

00 , i 

48 

16 

00 

48 

16 

00 

48 

16 

00 

46 

17 

50 

CO 

18 I 

44 

CO 

18 

00 ' 

00 

19 

44 

GO 

19 1 

50 

CO 

20 

44 

CO 
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influence upon subsequent conduction; or whether only those of the blocked 
flutter impulses which fall late in diastole occur during the “phase of interference,’’ 
whereas those occurring early in the ventricular cycle fall into the “actual’’ 
absolute refractory phase and have no effect on the “F-R” of the succeeding beat. 

Fig. 4 shows an example of disturbed impulse formation due to a mechanism 
which to our knowledge has not been reported before. The patient on Avhom 
the record was obtained was a 76-year-old woman with arteriosclerotic heart 
disease and congestive heart failure who developed the illustrated^ arrhythmia 
after digitalization. The record (Lead CFi) shows the whole heart[;to be under 
the control of the A-V node ; all nodal beats are followed by a retrograde P wave. 
The retrograde contour of P was clearly evident by comparing the P wave pattern 
in the limb leads with that observed at the time of sinus rhythm. The retro- 
grade conduction times in Fig. 4 alternate in length, measuring 0.28 second and 
0.20 second; the R-R distances between the nodal beats also alternate in length, 
measuring 1.26 to 1.31 seconds and 1.00 to 1.05 seconds. The explanation for the 
latter phenomenon is given by the first portion of the record which shows on two 
occasions another ventricular complex following the longer retrograde conduction. 
This beat represents a reciprocal beat with aberrant ventricular conduction, and 
the long ventricular pauses in the second portion of the record are due to the occur- 
rence of blocked reciprocal beats. The reciprocal impulse passes the nodal pace- 
maker, but is blocked below it before reaching the ventricles. The premature 
discharge of the nodal pacemaker is responsible for the lengthening of the alternate 
R-R intervals. The R-R intervals containing a reciprocal beat are almost iden- 
tical in duration with the long R-R intervals without a reciprocal beat, the latter 
actually containing a blocked reciprocal beat. For the sake of simplicity, it is 
assumed in the diagram to Fig. 4 that the time for forward conduction of the A-V 
nodal beats remains constant; actually, it may be slowed after the transmission 
of a reciprocal beat*®'^® with the consequence that (a) the apparent improvement 
of the retrograde conduction time in the beat following a reciprocal impulse may 
partly be due to a delay in forward conduction, and (b) the cycle length of the 
A-\' nodal pacemaker may be longer than the short R-R interval of two successive 
nodal beats seems to indicate. 

sui-laiary and conclusions 

1. • The spread of an impulse which affects the A-V junction by penetrating 
into it without traversing it, thus failing to reach the auricles or ventricles 
(depending on the direction in which the impulse travels), finds no direct expres- 
^ion in the electrocardiogram. Indirect evidence for such concealed A-V conduc- 
tion is the. influence of the blocked impulse on the transmission time or on the 
fftrmatinn of a subsequent impulse. 

1 he literature dealing with the effect of blocked impulses on conduction 
and forniaiion of subsequent impulses is reviewed. 

"The simplest example of the effect of a blocked impulse is the post- 
Mras\.-u«ic -i prolongation due to blocked retrograde conduction after an 
.t.,er}Kjlaied ventricular premature systole. 
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(b) Similarly, the failure of the sinus impulse folloAving a ventricular pre- 
mature systole to elicit a ventricular response may be due, in some instances, 
to the inability of the A-V junctional tissues to transmit the impulse after it has 
been affected by the blocked retrograde impulse of the ventricular premature 
sj'stole, and not to refractoriness of the ventricular muscle. 

(c) The pause after ventricular premature systoles in the presence of auric- 
ular fibrillation indicates that a retrograde impulse has affected the junctional 
tissues. 

(d) The increase in the grade of a partial A-V block following ventricular 
premature systoles, even if they are not followed b}'^ a retrograde P, demonstrates 
the effect of blocked retrograde impulses. 

(e) Cases of complete forward block in the A-V junction and preserved 
retrograde reponse show the effect of the blocked forward impulse on subsequent 
retrograde conduction. 

(f) A blocked retrograde impulse, by reaching a depressed area in the A-V 
junction prematurely, may prolong the period of rest in that area and thus shorten 
the conduction time of the subsequent forward impulse. 

(g) It is conceivable that, in depressed cardiac muscle, an impulse falling 
into the supernormal phase of a preceding blocked impulse may be conducted 
faster instead of being delayed by the effect of the blocked impulse. 

(h) Multiple blockage' may occur as a result of a blocked impulse which 
was partially conducted and which influenced the subsequent impulse in the same 
way as a completely conducted one; such a mechanism is probably common in 
auricular flutter. 

(i) A blocked A-V nodal premature systole may account for a “dropped 
beat,” and a blocked and interpolated nodal premature systole can give rise to 
an apparently unexplained P-R prolongation of a single beat. 

(i) In cases of A-V dissociation, some of the impulses of the slower pace- 
maker (S-A node), after passing and discharging the faster A-V nodal pacemaker, 
may be stopped below the latter before reaching the ventricles. The result of 
such concealed A-V conduction is a disturbance in the impulse formation of the 
nodal pacemaker. 

3. Three new instances demonstrating the effect of blocked A-V impulses 
on succeeding impulse conduction and one showing the influence on subsequent 
impulse formation are reported and illustrated. They demonstrate: (a) the 
effect of a blocked auricular premature systole on A-V conduction of a subsequent 
auricular premature systole from the same focus; (b) the effect of the blocked 
auricular impulses on subsequent A-V conduction in a case of 2:1 A-V block, 
depending on the exact position of the blocked P wave in the cardiac cycle, and 
confirm the existence of a “phase of interference” and explain the transition 
from one grade of block to another; (c) the effect of the blocked flutter impulses 
in a case of auricular flutter with 2:1 A-V conduction giving rise to a pseudo- 
alternans of A-V conduction; and (d) a hitherto unreported disturbance of im- 
pulse formation, namely, discharge of the A-V nodal pacemaker by blocked 
reciprocal beats. 
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4. These obser\'ations support the view that concealed A-V conduction may 
account for the difficulty in analyzing some curves of auricular flutter with a vary, 
ing ratio of A-V conduction. The same phenomenon may also explain some of the 
discrepancies encountered in the construction of recovery curves of A-V conduction 
in aises of partial A-V block based on simple correlation of P-R and R-P. 

The author is indebted to Dr. L. N. Katz for his valuable criticism. 
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THE BEHAVIOR OF THE VENOUS PRESSURE DURING VARIOUS 
STAGES OF CHRONIC CONGESTIVE HEART FAILURE 


Thomas B. Gibbons, M.D. 

New Orleans, La. 

T he explanation of the pathologic physiology of congestive heart failure is 
today, as ever, a perplexing problem in medicine. Opinion has shifted from 
one theory to another as various investigators have brought forth additional data 
and propounded new ideas. The two basic explanations have been termed the 
forward failure theory and the baclavard failure -theory of chronic congestive 
heart failure. The former may briefly be stated as follows: the pathology caus- 
ing the clinical picture of congestive heart failure occurs in the organs supplied 
by the failing chambers of the heart and is due to a decrease in the blood flow 
through these organs. The latter theory holds that the pathology leading to the 
clinical picture of congestive heart failure occurs in the tissues feeding blood to 
the failing (enlarged) chambers of the heart, the essential phenomenon being 
an increase in the intracapillary pressure in these tissues. 

Although the principles of the backward failure theory were well enumerated 
over one hundred years ago,^ it did not become generally accepted until the last 
decade when it was again brought to attention.^ In the interim, the majority 
of observers were advocates of the forward failure theory,®*® and as recently as 
1933 it Avas the more widely accepted of the two theories.'^ For the past several 
years the baclavard failure theory has been generally accepted, but more recent 
investigations have brought forth data which are difficult to explain in the 
light of this theory. These data include (1) the absence of edema in the lower 
extremities after ligation of the inferior vena cava, despite extremely high venous 
pressures in these limbs,® (2) the failure of the venous pressure to show a rise 
after severe damage to the right ventricle in dogs,® and (3) the finding of a gain 
in weight and an increase in plasma volume before the venous pressure reaches 
abnormal levels following administration of salt to compensated cardiac pa- 
tients.^® These and other facts which are difficult to explain by either the for- 
ward or baclcAvard failure theory have been discussed.^^ Other possible explana- 
tions involving sodium metabolisnF®*^^ and the role of the kidney^®’^^ in congestive 
heart failure have been suggested, as well as the action of hormones^® involving 
either the kidney^® or the liver^^ and sodium metabolism. 

This study was undertaken because of the lack*of adequate data showing 
the day-to-day behavior of the venous pressure in congestive heart failure, and 
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to ascertain, as accurately as possible, the relation of the venous pressure to the 
state of the congestive heart failure. 

METHODS AND MATERIALS 

Patients. — Tventy-three Negro patients who entered the hospital in con- 
gesti^'e heart failure (all in Functional Class lY) were observed. Of these, eight 
were women and fifteen, men. Their ages varied from 19 to 66 j^ears. The causes 
of their heart disease were: hypertension, 13 patients; syphilis, 6; senile arterio- 
sclerosis. 3; and rheumatic fever, 1 patient. No attempt was made to influence 
the therap)-. The regular hospital regimen for congestive heart failure was em- 
ployed in all patients. Two of the patients died while being studied, one (Num- 
ber 2) of a coronary occlusion and the other (Number 20) of uremia due to an 
associated chronic glomerulonephritis. Multiple episodes of decompensation 
and recovery were observed in four patients (Numbers 7, 8, 9, and 12) during 
their hospital stay. On three occasions, decompensation was brought about 
by the administration of 12 Gm. of sodium chloride per da 3 ^ A total of thirty- 
four significant changes in the state of congestive heart failure, as evidenced by 
weight gain or loss, were observed. Pertinent data concerning the patients are 
summarized in Table I. 


T.A.ni.E I. Pertixent Data ox Patiexts Studied 


SUBJECT 

XUMBER 

SEX 

AGE 

DIAGNOSIS* 

DURATION' 
OF HEART 
[ DISEASE 

XUMBER 

OF EPISODES 

OF CHF 

TIME 

SINCE LAST 
FAILURE 

TREATMENT 

RECEIVEDt 

1 

F 

50 

HCVD 

12 vr. 

2 

6 mo. 

1, 2, 3, 4 

2 

F 

50 

LHD 

9 mo. 

1 


1 

.1 

M 

42 

! HC\'D 

2 mo. 

1 


1, 2 

4 

M 

53 

HCVD 

1 \vk. 

1 


L 2 

5 

F 

51 

ASHD 

3 mo. 

1 


L 2 

6 

M 

29 

HC\'D 

3 \vk. 

1 

1 1 

L 4 

7 

M 

62 

A.SHD 

2 mo. 

1 


L 3 

8 

M 

46 

LHD 

14 mo. 

2 

9 mo. 

1, 2, 3 

9 

F 

35 

HCVD 

2 yr. 

3 

3 mo. 

L 2 , 3,4 

10 

M 

66 

LHD 

i 2 mo. 

1 


1 

11 

M 

60 

ASHD 

5 yr. 

9 

6 mo. 

1, 3 

12 

M j 

59 

LHD 

3 mo. 

1 

i 

L 2, 3, 4 

1.1 

M ! 

49 

LHD 

2 vr. 

1 


L 2, 3 

U 

M 

55 

HCVD 

2 \T. 

2 

2 vr. 

1 

15 

F 

48 

LHD 

5 \vk. 

I 


L 2. 3, 4 

K> 

M 

43 

HCVD 

2 mo. 

1 


1, 3 

17 

M 

40 

HCVD 

6 wk. 

1 


1, 3 

18 


5f) 

HCVD 

3 wk. 

1 


1, 3 

10 

! M 

19 

RhHD 

6 \T. 

11 

6 mo. 

1. 2 

20 

i F 

52 

HCVD 

2 wk. 

1 


1 

21 

1 

52 

HCVD 


1 i 


1, 2 

22 

1 F 

54 

HCVD 

2 mo. 

1 


L 3 

23 

! F 
i 

47 

HCVD 

4 yr. 

4 

3 mo. 

1, 2, 3 


•IIC\ n UyjK.’-toao.ivi''. ranilovascular tliscaso 
Syphilitic licart i!i«<>a'sr“ 

A<in>~-Ar!'TloscIfrotic heart iUs<!a«!c 
lUiUD— Hhcainatlc h'-art dlseaw 
i;?') 'vith fluids a.l lib 

3~M(*rairIa! diurt-tic 
-1 ciiinritic 
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Venous Pressure . — Serial determinations of the venous pressure demand- 
ing daily venepunctures for as long as two months in some cases were made 
feasible by the Phlebomanometer, a method of direct measurement of venous 
pressured® This method has been described in the literature^- but will be briefly 
discussed. The normal range for the venous pressure in the antecubital vein by 
this method is 50 to 140 mm. H^O; the normal variations for other veins have 
been presented elscAvhere.^® The heart level or reference point, termed the 
phlebostatic level, is a horizontal plane passing through the phlebostatic axis. 
This axis is defined as the intersection of a frontal plane lying midway between 
the anterior and posterior surfaces of the thorax, measured at the xiphisternal 
junction, and a cross-sectional plane passing through the fourth intercostal space 
adjacent to the sternum. Indelible crosses were made on both sides of the thorax 
marking the phlebostatic axis so as to achieve a constant reference level for serial 
detertninations. The patient was placed in the same position each day during 
the study. A carpenter’s level on a long rod was employed to insure the po- 
sition of the vein at the phlebostatic level. Since this method depends on an 
equalization of pressures^® rather than on a flow of fluid^'’*^! to achieve equilibrium, 
the needle used may be of small diameter (No. 22 and No. 24 gauge). The 
venous pressure in several superficial veins was determined each day on all pa- 
tients to serve as a check on the values obtained, as well as to show the behavior 
of the venous pressure in the various parts of the body during various stages of 
congestive heart failure. All of the precautions previously described^® were 
heeded. The range of error of this method as employed was ± 5 mm. of water. 

The procedure involved the following; (1) The phlebostatic axis was de- 
termined. (2) The vein to be used was placed at the phlebostatic level. (3) Two 
per cent citrate was drawn into the needle and adaptor so that the fluid level was 
visible. (4) The needle was inserted into the vein and its pressure quickly equal- 
ized by compression of the rubber bulb of the phlebomanometer. Equalization 
of pressures resulted in a fluid level which was motionless except for the oscilla- 
tions of venous pulse with respiration. To keep the fluid level constant, the 
pressure in the rubber bulb was gradually decreased since the venous pressure 
dropped about 20 mm. H 2 O in the first three to four minutes following vene- 
puncture. (5) Four minutes after insertion of the needle, the venous pressure 
was read from the scale of the manometer. (6) The position of the vein was re- 
checked with the carpenter’s level. 

Weight . — ^Weight was selected as the most accurate practical index of the 
fluid content of the body. As such, it was considered a good criterion of the state 
of the congestive failure. The graphs presented, therefore, show the chrono- 
logicaV relation of the changes in weight to the alterations in venous pressure as 
the patient improved or became more decompensated. 

A platform type scale was used which was accurate to one-fourth pound. 
The patients were weighed daily at 10 ;00 A.M. to give a constant relation to meals 
arid, in so far as possible, to bowel function. The patients, were asked to void 
just prior to being weighed and only the hospital gown was worn. The initial 
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position of the lever arm was checked before each weighing and tAvo determina- 
tions of each weight were taken. 

The majority of the initial studies on the patients recovering from conges- 
tive heart failure were done at the time of admission to the wards and all were 
begun Avithin tAvelve hours after entering the hospital. None had received spe- 
cific therapy prior to the initial determinations of AA-^eight and venous pressure. 
The patients Avho shoAA^ed a change for the Avorse had all been under observation 
(daily AA^eight and venous pressure) prior to the reversal. The venous pressures 
graphed represent yalues obtained daily in the antecubital vein, although pres- 
sures in multiple veins AA^ere taken each day. The antecubital vein Avas chosen 
because it is technically the best suited for the purpose, being large and super- 
ficial. In addition, the chance of error due to spasm of this A’^ein is minimal, and 
the antecubital space is least painful of all areas presenting a superficial vein 
for A^enepuncture. Any change in A^enous pressure or AA’^eight exceeding the range 
of error for the methods employed AA^as considered an actual change. Because 
the relatNe importance of small variations in Aveight and venous pressure could 
not be eA^aluated, the rates at AA'^hich the total changes in AA-eight and venous 
pressure AA-ere achicA^ed Avere determined by the method that Avill be described. 


RESULTS 

Significant changes in the degree of congestive heart failure AA^ere encoun- 
tered thirty-four times. The chronological relationship of the rise or fall in 
venous pressure to the change in AA'^eight AA'as noted (Table II, A). These data 
Avere further divided, depending on AA^hether or not the patient Avas becoming 
more or less congested (Table II, B). 


Table II. Relationships of Change in Venous Pressure to Change in 

Body Weight 


A. Chronological Relationship of Venous Pressure to Weight in Thirty-four Instances 
of Change of State of Congestive Heart Failure 

1. Simultaneous change in AA’eight and venous pressure 

2. Venous pressure change preceding the change in Aveight 

3. Weight change preceding the change in A'enous pressure 

B. Chronological Relationship of Venous Pressure to Weight in Twenty-si.': Patients 
Recovering from Congestive Heart Failure and in Eight Patients Decompensating 


1, Recovering 

Croup 1. Simultaneous Aveight and venous pressure decrease 16 (62%) 

Group 2. Venous pressure decrease preceding drop In Aveight 6 (23%) 

Group 3, Weight drop preceding decrease in venous pressure 4 (15%) 

2. Decompensating 

Croup 4, Simultaneous Aveight and A'enous pressure increase 4 (50%) 

Groups. Venous pressure increase preceding AA'eight increase 2(25%) 

Group 6. Weight increase preceding venous pressure rise 2 (25%) 


20 (59%) 
8 (24%) 
6 (17%) 
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Composite graphs of the daily changes in the weight and venous pressure 
observed in the patients of the six groups (Table II, B) are given (Figs. 1, 2, 3, 
4, 5, and 6). In addition, for each of the thirty-four significant changes in the 
state of congestion, the total change in venous pressure and weight was noted, 
as well as the time in days required for each total change to be achieved. The 
per cent of the total change that was achieved each day was calculated. Com- 
posite graphs of these values could not be made directly without distorting the 
relation of weight to venous pressure since some patients achieved their total 
change in three da 3 >-s while others required ten days and longer. For this reason, 
the duration of each significant change was noted and divided into fifths. The 
per cent of total change achieved during each fifth of total duration of change was 
computed (small graphs in Figs. 1, 2, 3, 4, 5, and 6). 



Fig. 1. — A composite graph showing the time relation of changes in venous pressure to weight in 
sixteen patients recovering from congestive heart failure. There were no independent decreases of weight 
or venous pressure in these patients. The small graph represents the average per cent of total change 
in weight and venous pressure that was achieved during each one-fifth of the time necessary to ac- 
complish the total change (see text). In tlds, and in all graphs to follow, the values indicated near the 
points (mean values) in the curves are the extremes for the group. 

Patients Recovering From Congestive Heart Failure. — ^Twenty-six instances of 
recovery from congestive heart failure were observed (Table II, J5). In sixteen 
of these, the tveight and venous pressure at the end of the first hospital day had 
decreased from the values obtained on admission (Fig. 1). The average weight 
loss over this period was 3.0 pounds (range, 1.0 to 7.0 pounds) and the mean 




Dy^'ars 


Fig. 2. — A composite graph showing the behavior of venous pressure and weight in si.v patients 
recovering from congestive heart failure. In these patients the venous pressure decreased from 5 to 
'17 mni. HjO prior to the initial decrease in weight. The small graph shows the per cent of total change 
achieved during each one-fifth of time of total change. The venous pressure began to fall first, but 
weight finally fell at a faster rate. 
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venous pressure decrease was 49 mm. H 2 O (extremes, 5 mm. HiO and 135 mm. 
HeO). Although both the venous pressure and weight decreased each day in 
these sixteen patients (Fig. 1, large graph), the venous pressure achieved its total 
change at a faster rate initially than did the weight (Fig. 1, small graph). 

In six of the twenty-si.x patients recovering from congestive heart failure, 
the weight had risen from 0.5 to 2.5 pounds above the initial level after one hos- 
pital day (Fig. 2). In this period the venous pressure had dropped 5 to 47 mm. 
of water. In two patients there was a further increase in weight on the second 
hospital day despite a continued fall of venous pressure. By the third day, the 
weight of all six patients 'had begun to fall but only subsequent to an average 
decrease in venous pressure of 45 mm. of water. The venous pressure achieved 
its total decrease at a faster rate initially than did the weight (Fig. 2, small 
graph). 

In four of the twenty-six patients recovering from congestive heart failure, 
the venous pressure had risen after one hospital day from 50 to 100 mm. H^O 
above the initial value (Fig. 3), while the weight had decreased from 4.0 to 7.5 
pounds. 

Patienls Becoming More Congested . — Eight patients were observed as their 
congestive heart failure became worse (Table II, B, 2). Four of these changes 
occurred in patients with advanced heart disease who, despite therapy, had not 
completeb' recovered from a previous episode of congestive heart failure. Three 
decompensation trends Avere brought about by administration of 12 Gm. of 
sodium chloride per day to patients *who were not in congestive heart failure. 
One patient changed from the compensated to the decompensated state despite' 
therapy which included a low sodium diet. 

Of the four patients suffering reversals while recovering from congestive 
heart failure, two showed a weight gain prior to a venous pressure rise (Fig. 6), 
one showed a venous pressure rise prior to a Aveight gain (Fig. 5), and one shoAA^ed 
a simultaneous rise in both (Fig. 4). 

Of the three patients Avho AA^ere gi\^en salt, tAvo shoAA^ed a simultaneous rise 
in AA^eight and venous pressure (Fig. 4) and one had a rise in A^enous pressure 
prior to a AA^eight gain (Fig. 5). The other patient Avhose venous pressure Avas 
normal AV'hen decompensation began shovA^ed a simultaneous rise in Aveight and 
venous pressure AA'^hile on a Ioav sodium diet. 

■ Patients Showing Changes in Either Weight or Venous Pressure Prior to a 
Change in the Other.— The patients in Groups 2, 3, 5, and 6 (Table II, B) under- 
Avent changes in their state of failure Avhich AA’-ere characterized by an initial al- 
teration of either AA^eight or venous pressure, but not of both simultaneously. 
These independent changes are listed (Table III) and the percentage of the total 
change in Aveight or venous pressure AA’^hich they represent is shoAvn. Comparing 
Groups 2 and 3f patients recovering from congestive heart failure in.AA'hom there 
Avas not a simultaneous decrease in Aveight and venous pressure, Ave see that there 
is no significant difference in the percentage of the total A^enous pressure decrease 
(Group 2) and the percentage of the total AA-^eight fall (Group 3) that AA^ere achieA^ed 




Fig. 4. — A composite graph of four patients developing congestive heart failure. Of these, three 
had normal venous pressures initially. Two of these three patients received sodium chloride (12 Gm. 
per day). Both the weight and venous pressure showed a rise each day. The small graph shows the 
average per cent of total rise in weigh tand venous pressure achieved during each one-fifth of total 
duration of the congestive process. Initially, the weight rose faster than the venous pressure; later, 
the reverse was true. 



I'lg. 5. — The average change In weight and venous pressure for two patients decompensating. One 
had a normal venous pressure Initially and was given 12 Gm. sodium chloride dallj*. The relation of 
■venous pressure rise to weight gain is shown. The venous pressure rose from 20 to 40 mm. 11:0 before 
the weight l>egan increasing. The small graph represents the per cent of total rise in weight and venous 
prtraure achieved during each one-fifth of the total time of study. The venous pressure l)egan rising 
although the weight fell, ,\fn!r the weight had achieved 15 jver Cf;nt of its total rise, the rate of venous 
tiressure rb^e Increased. 
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independently of the other (compare 44 per cent with 37 per cent). The same 
may be said of the patients developing more failure (Groups 5 and 6) in whom 
there was not a simultaneous rise in weight and venous pressure (compare 27 
per cent with 22 per cent). 


Table III. P.atients Showing a ChiINge in One Factor Prior to a Change in the Other. 
The Values of the Independent Changes and the Per Cent of the Total 
Change Which These Represent Are Given 


Recovering 

Group 2 


Group 3 


1 20 rum. HsO 

13% 

1 3 lbs. 

20% 

2 25 mni. HcO 

42% i 

2 lbs. 

75% 

3 45 mm. HjO 

50% i 

3 4 lbs. 

30% 

4 60 mm. HsO 

75% ! 

4 iV 2 lbs. 

21% 

5 25 mm. HjO 

36% I 



6 25 mm. HaO 

46% 

Avg. 4.9 lbs. 

37% 

Avg. 3.3 mm. HsO 

44% 



Developing Failure 

Group 5 


Group 6 


1 40 mm. HsO 

32% 

1 2 lbs. 

18% 

2 20 mm. H;0 

21% 

2 2 lbs. 

25% 

Avg. 30 mm. HsO 

27% 

Avg. 2 lbs. 

22% 



Pig. 0. — Tlio average relation of weight to venous pressure for two patients becoming more severely 
congested despite treatment. Neither h^d completely recovered from a recent episode of congestive 
lieart failure when this reversal occurred. Initially, a weight gain preceded the rise in venous pressure. 
The small graph shows the per cent of total rise in venous pressure and weight achieved during each 
one-fifth of the congestive process. A rapid rate of venous pressure increase followed the initial rise in 
weight. 
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DISCUSSION 

In the majority of the patients observed, the behavior of the venous pressure 
was like that generally reported for patients with cardiac disease.---^® It was 
in the normal range when the patients were compensated, rising as the picture 
of congestive heart failure developed; it was elevated in marked failure, decreas- 
ing as recovery progressed, and was normal again when compensation had re- 
turned. This confirms the importance of venous pressure determinations in 
establishing the diagnosis of cardiac decompensation and in evaluating the 
efficacy of therapy and the progress of the disease. It also indicates the inability 
to discern impending congestive failure or diminished myocardial reserve in the 
compensated patient by this procedure.^*’®® 

In some patients admitted in congestive failure, the initial venous pressure 
was in the normal range despite the presence of signs and symptoms of con- 
gestive heart failure. In these patients there was a subsequent decrease in venous 
pressure as failure disappeared, but all values were in the normal range. This 
illustrates the value of serial determinations of the venous pressure since some 
patients may have an elevated venous pressure although the actual value is in 
the normal range. In other patients, venous pressure on admission was high but 
dropped rapidly into the normal range, after bed rest alone in some cases, al- 
though the weight loss and disappearance of the picture of congestive heart failure 
occurred gradually over the subsequent few days. Therefore, in such patients, 
a single venous pressure measurement would be misleading. 

Most patients displayed concordant changes in weight and venous pressure, 
both while recovering or decompensating. This suggests a probable relationship 
between the two. However, in several patients, either the venous pressure or 
weight began changing prior to the other. This variable behavior of the venous 
pressure in congestive heart failure must be explained. 

Recent studies have shown that the behavior of the tissue pressure in con- 
gestive heart failure is also variable.®*'®® The venous pressure and the tissue pres- 
sure are directly inter-related since they are hydrostatic forces on either side of 
the capillary wall which is freely permeable to water and crystalloids. The 
behavior of the tissue pressure depends, in part, on the anatomic location of the 
tissues and their distensibility.®® Therefore, it would seem that the behavior of 
the venous pressure would depend at least partly on the'condition of the tissues 
as they are subjected to variations in tissue fluid volume. Using the data avail- 
able in the literature, criteria were drawn up to determine the condition of the 
tissues in the patients studied. From these (Table IV), the behavior of the 
venous pressure, that is, the time relation of the initial change in weight to change 
in venous pressure, was predicted. The predicted behavior agreed with the 
actual behavior in twenty-seven of the thirty-one cases. Three cases with marked 
ascites were excluded. These all .showed a weight decrease prior to a drop in 
venous pressure, although when the criteria were applied to these patients it was 
predicted that their venous pre.ssure and weight should fall concordantl}’. From 
this, it seems plausible to assume that the initial weight decrease represented a 
clearing of the ascites rather than a decrease of edema fluid in the tissues. 
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The patieftts who recovered from congestive heart failure with a simul- 
taneous decrease in weight and venous pressure (Group 1) showed initially a 
faster rate of fall of venous pressure than of weight. This would be expected in 
view of the relation of the venous pressure to the tissue pressure, as previously 
discussed. Of the patients showing a simultaneous gain in weight and venous 
pressure (Group 4), three had recently been in failure. These were expected to 
show a rise in weight prior to a rise in venous pressure according to the criteria 
of Table IV. The small graph (Fig. 4) shows that the weight did rise at a faster 
rate initially than did the venous pressure. The fourth patient had not been in 
congestive heart failure before. His venous pressure rose at a faster rate than 
his weight, although this is concealed by' the averaging of all four patients (small 
graph. Fig. 4). These findings are in accord with the hypothesis that the be- 
havior of the venous pressure is affected by the state of the tissues. The relative 
rates of change in weight and venous pressure in the other four groups may also 
be explained as a function of the condition of the tissues. The close correlation 
in these patients of the behavior of the venous pressure with the condition of 
the tissues is significant. Perhaps the cardiac function has less direct influence 
on the venous pressure in congestive heart failure than does the state of the 
tissues. These findings support the work of Starr 


Tahle IV. Criteria for Evaluating the Condition of the Tissues Affected by Cardiac 
Edema With the Predicted Behavior of the Venous Pressure for Each Condition 


criteria 

TISSUE 

1 PATIENT 

1 

predicted behavior of 

VENOUS PRESSURE 

1 No previous edema 

2 No recent edema 

3 Moderate edema of 

short duration 

Normal 

1 

Recovering 

Decompensating 

Decreases with wt.* loss 
Increases with wt.* gain 

1 Recent edema 

2 Frequent previous epi- 

sodes of edema 

3 Marked edema of long 

duration 

4 Edema receding 

Easily distensible 

Recovering 

Decompensating 

Decreases before wt.* loss 
Increases after wt.* gain 

1 Slight edema present 

in patient decom- 
pensating ■ 

2 Fibrdtic tissue 

(scleroderma) 

More resistant to 
distention than 
normal tissue 

Recovering 

Decompensating 

1 

Decreases after wt.* loss 
Increases before wt.* rise 


* Weight change as measurable clinically (scales accurate to one-fourth pound). 


From this, it would seem that any implications as to the role of the venous 
pressure in the production of the syndrome of congestive heart failure which are 
based on observations on patients recovering from congestive heart failure would 
not be valid, since the condition of the tissues in decompensation and recovery 
is different. 













Fig. 7. — A patient with marked ascites recovering from congestive heart failure. The weight de- 
crease preceded both the venous pressure drop and the disappearance of the edema but was concordant 
with clearing of tlie ascites. The venous pressures in arms and legs approached each other as the ascites 
cleared (abdominal circumference). 



1 Ik. .S, The close correlation of venous pressure in the arms and leg of a patient recovering 
congestlre heart failure is shown; avcraco difference. 12 mm, IIsO, with a maximum of 20. 
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Of the four patients showing a weight loss prior to venous pressure de- 
crease, three had marked ascites. In these patients, initially, the pressure in 
the veins of the legs was higher than in the veins of the arms, but as the ascites 
cleared the pressures in all extremities approached each other (Fig. 7). This 
phenomenon has been reported.^® 

It should be noted that in the absence of ascites simultaneous venous pres- 
sures in all extremities varied within a small range (Fig. 8). In general, the wide 
variation in venous pressure described for the various veins of normal persons^® 
was not found in diseased patients with heart disease. 

.summary 

1. Daily determinations of weight and venous pressure were made during 
thirty-four significant changes in the stage of chronic congestive heart failure in 
twenty-three patients. This included twenty-.six instances of recovery and eight 
of decompensation. 

2. In general, the venous pressure and the weight varied concordantljL 
In some patients, either weight or venous pressure began changing prior to the 
other. 

3. The findings indicate that it is not established that an elevation in 
either weight or venous pressure need precede the other in the development of 
the syndrome of chronic congestive heart failure, and that depending on the 
condition of the tissues, cither of the two might evidence a clinically detectable 
rise prior to the other. 

4. The behavior of the venous pressure in the patients studied confirms the 
value of this procedure in the diagnosis and proper clinical evaluation of con- 
gestive heart failure, e.specially when .serial determinations are made. 

5. The dependence, in part at least, of the venous pressure on the condition 
of the tissues is demonstrated. 


CONCLUSION 

In all phases of the syndrome of congestive heart failure, changes in the 
venous pressure and in the degree of congestion are concordant. Any initial 
discordance in the time relation of change in venous pressure to change in weight 
associated with edema can be explained by the state of those tissues affected by 
edema formation. 
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THE INFLUENCE OF SUPRADIAPHRAGMATIC SPLANCH- 
NICECTOMY ON THE HEART IN HYPERTENSION • 


Emil M. Isberg, M.D., Miami Beach, Fla., and 
Max M. Peet, M.D., Ann Arbor, Mich. 

S URGICAL treatment has been submitted by Peet and Isberg^ as a measure 
capable of arresting and sometimes reversing, in a significant percentage of 
cases, the progressive deteriorating course of arterial hypertension. This opinion 
has been founded on the results of a long-term study of a large group of hyper- 
tensive patients treated by splanchnic resection. The operation of bilateral 
supradiaphragmatic splanchnicectomy and lower dorsal sympathetic ganglio- 
nectomy has been performed in more than 1,500 hypertensive patients at the 
University Hospital since November, 1933. 

The purpose of the present study has been to obtain information concerning 
the cardiac aspects in arterial hypertension and how these have been influenced 
by surgical treatment. In order that temporary benefits from the operation be 
eliminated before judgment was passed, the results in only those cases operated 
upon five to thirteen years ago have been considered. 

Studies of surgically treated hypertensive patients have suggested that the 
operation has influenced the destiny of the heart in hypertension. It was first 
recognized in -1934 that significant improvement in abnormal electrocardiograms 
and definite reduction in heart size occurred in some cases following splanchni- 
cectomy. These clinical phenomena were first reported in 1939 by Braden and 
Kahn, 2 associates of Peet. In 1940, the results in 350 consecutive, surgically 
treated cases were evaluated by Peet, Woods, and Braden,® and again it was 
pointed out that cardiac enlargement and abnormal electrocardiograms were 
sometimes beneficially improved after operation. Otliers'^-® have recently con- 
firmed the effect of sympathectomy on the electrocardiogram in hypertension. 
Each of the foregoing reports dealt with patients who could be followed 
only for a relatively short period of time. Electrocardiograms and heart size 
were reported as improved in cases followed only six months and longer. The 
present study is concerned entirely with the prolonged effects of splanchni- 
cectomy; all patients have been followed from five to twelve years since operation. 

material 

Between November, 1933, and December, 1941, 720 cases of arterial hyper- 
tension were surgically treated. The operative procedure consisted of bilateral 
resection of tlie greater, lesser, and least splanchnic nerves, and excision of the 
eighth, ninth, tenth, eleventh, and twelfth thoracic sympathetic ganglia. In 
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tile early operations, in addition to the splanchnic nerves, only tlie lower tliree 
dorsal ganglia were removed. The operative mortality" was 3.2 per cent. Dur- 
ing the eight years, 162 cases of malignant hypertension were operated upon, and 
when these are excluded, the operative mortality for the series is 1.6 per cent. 

Adequate preoperative and postoperative information with respect to cardiac 
status has been obtained in 3S4 cases. Botli an electrocardiogram and tele- 
roentgenogram were procured in each of the 384 patients prior to operation; 
physical examinations were performed both in the departments of internal medi- 
cine and neurosurgeiA*. Thus, a definite diagnosis concerning whether or not 
organic heart disease complicated the hypertension could be made in each in- 
stance. The cases of malignant hj-pertension, surgically treated during tlie 
same years, are not included in this study; the diagnosis of malignant hyperten- 
sion was made only in those patients who showed definite papilledema of 1 
diopter or more and a recent, rapidly progressive, downhill clinical course. It 
is felt that malignant hypertension is a distinct disease entitj' in itself, and a study 
of this disease will be reported separately.® 

FINDINGS 

Survival Buies . — Of the 384 cases of arterial h\-pertension in this series, 257 
had definite organic heart disease prior to operation, confirmed by an abnormal 
electrocardiogram or teleroentgenogram showing cardiac enlargement or both. 
Of these patients \rith hj-pertensive heart disease, 60 per cent were alive five 
to t^velve years postoperatively (Table I). Of the 127 hypertensive patients 
with normal hearts, 93 per cent were alive five to twelve years after operation. 
The five-to-twelve-year survi\'al rate for the entire series of 384 is 71 per cent. 

The fift 5 '-nine persons who had sustained a cerebral accident in addition to 
haAung hj*pertensive heart disease prior to operation have a considerably lower 
suiadval rate than those with cardiac involvement and no cerebrovascular com- 
plication. Onh* 46 per cent of the former were li\nng after five to twelve post- 
operative years, while 64 per cent of the latter were lh*ing. 


T.\ble L Surviv.vc Rates ix Three Hundred Eighty-four Cases of Hypertension 


PREOEEI?ATr\-E STATUS i 

CASES 

DE.\THS 

5-TO-12 YEAR SURVIV.ALS 

Normal heart . | 

127 1 

9 

118 (93%) 

Organic heart disease 

198 


127 (64%) ] 

Heart disease plus cerebro\’ascular disease 

59 

32 

i \y\j /(j) 

27 (46%) j 

Totals 

3S4r 

112 

272 (71%) 


The Electrocardiogram . — An electrocardiogram was considered abnormal 
only when one or more of the following findings was present; (1) definite left 
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axis deviation (Ri + S3 — 25 mm. or more); (2) inversion of T waves in Lead I, 
in Leads I and II, or in Leads II and III; (3) bundle branch block; and (4) evi- 
dences of previous myocardial infarction. 

An abnormal electrocardiogram was considered “significantly improved” 
five years and more after operation only when; (1) inverted T waves returned to 
an upright configuration with an amplitude of 1 mm. or more, or (2) 30° change 
of electrical axis toward normal occurred with reduction of 8 mm. or more in the 
value of Ri + S3. An electrocardiogram with both abnormal T waves and left 
axis deviation was considered “improved” when either one of these criteria was 
fulfilled. 

A postoperative electrocardiogram was considered to be “worse” when any 
one of the following appeared: (1) 1 mm. or more depression of a previously 
upright or flat T wave in Lead I or II; (2) a 30° change of electrical axis toward 
abnormal, with increase of 8 mm. or more in the value of Ri -{- S3; (3) evidences 
of myocardial infarction; and (4) bundle branch block. 

Two hundred nineteen patients had abnormal preoperative electrocardio- 
grams; 60 per cent of these persons were still living five to t^velve years post- 
opera tively. Of the 165 hypertensive patients with normal electrocardiograms, 
85.5 per cent were alive five years and more after operation. 

Table II enumerates the incidence of the various electrocardiographic ab- 
normalities in this series, the subsequent deaths with each abnormality, and the 
electrocardiographic status of the living patients five years and more after 
operation. It is seen that patients with inverted T waves in both Leads I and II 
have the highest death rate; but when these patients survive five years and more 
their tracings are likely to be “significantly improved.” 

One hundred eighty-four living patients had recent electrocardiograms taken, 
five to twelve years after operation (Table III). Of the eighty- three who had 
abnormal tracings prior to operation, 41 per cent now show “significant improve- 
ment,” 55.4 per cent show no change, and 3.6 per cent have progressed to worse 
changes. All patients who had sustained a coronary occlusion or were ever given 
digitalis were automatically excluded from the “significantly improved” classi- 
fication. 

Of the 101 patients whose electrocardiograms were normal preoperatively, 
94 per cent have maintained an unchanged, normal tracing during the long post- 
operative period; in 6 per cent the tracing have become abnormal. Six series 
of electrocardiograms are shown in Figs. 1, 2, 3, 4, 5, and 6. All were abnormal 
before operation and improved notably after operation. 

There is a definite correlation between postoperative improvement in the 
electrocardiogram and postoperative reduction in blood pressure. Of the thirty- 
four patients who had an abnormal preoperative electrocardiogram and who have 
maintained a “significantly improved” tracing for five years and more after 
operation, six have maintained normal blood pressure levels (140/90 or less). 
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and twenty-six have maintained a. significant reduction of 15 mm. or more 
diastolic pressure during the postoperative period. Only two patients with 
improved electrocardiograms showed no improvement in diastolic pressure 
(Table IV). 

Table II. The Electrocardiogram in Three Hundred Eighty-four 

Hypertensive Patients 


fPREOPERATIVE STATUS 

cases 

DEATHS 

1 

patients alive five TO TWELVE 

YEARS POSTOPERATIVELY 

CASES 

LIVING 

SIGNIFICANT 
IMPROVE- 
MENT IN ECG 

NO SIG- 
NIFICANT 

CHANGE 

1 

i 

i 

WORSE 

NO FOL- 
LOW-UP 

ECG 

Normal ECG 

165 

24 

141 

— 

95 

6 

40 

Abnormal ECG 

219 

88 

131 

34 

46 

3 

48 

Inverted T 

18 

6 

12 

4 

3 

0 

5 

Inverted Ti and Tj 

54 

27 

mm 

13 

4 

0 

10 

Inverted Ts and Tj 

1 

14 

3 

1 

11 

2 

3 

1 

5 

Definite L.A.D. 

42 

10 

32 

1 

2 

18 

2 

10 

Both inverted T 
waves and definite 
L.A.D. 

75 

37 

38 

13 

9 

i 

0 

16 

Bundle branch block 

5 

2 

3 

0 

3 

0 

0 

Evidences of pre- 
vious myocardial 
infarction 

11 

- 3 

8 

0 ! 

6 

0 

2 


Table III. The Influence of Surgical Treatment on the Electrocardiograms of One 
Hundred Eighty-four Patients Five to Twelve Years After Operation 




POSTOPERATIVE STATUS 

PREOPERATIVE 

STATUS 

CASES 

1 

SIGNIFICANTLY 

IMPROVED 

NO SIGNIFICANT 
CHANGE 

Q 

WORSE 

Normal ECG i 

101 


95 (94%) 

6 (6%) 

Abnormal ECG 

83 

34 (41%) 

46 (55.4%) 

3 (3.6%) 


None of the electrocardiographic abnormalities which occurred in this 
series can be considered a contraindication to surgical treatment. The death 
rate in the presence of any one of the abnormalities is not so great as to render 
























































































Fig. 3.— Case (Nov. 22. 1934) preoperative 

BCG; dolinile left axis deviation and inverted T waves 


Fig. 4. — Case 4. A, (April 2, 1940) preoperative 
ECG : flat T waves in Lead I and slight inversion of T 
waves in Leads II and III. Splanchniccctoray was 
performed on April 11, 1940. B, (Nov. 6, 1940) six 
months postoperative; slight inversion of T waves in 
Loads II and III. C, (July 26, 1945) five years post- 
operative; normal ECG, 


in Lead I, Splanchnicectomy was performed on Dec, 
3, 1934. B, (Sept. 28, 1937) three years postopera- 
tive; slight loft axis deviation and upright T waves in 
Lead I. C, Aug. 25, 1938. D, (Aug. 27, 1940) six 
years postoperative; normal ECG. The Q-T interval 
of the last two tracings is not abnormally long when 
compared to the heart rate which was 58 per minute. 
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Fig. 5. — Case 5. .4, (March I, 1937) prooporaiivc 
EGG; loft axLs dovlalion and inverted T waves in Leads 
I and II. Splanchnicectomj- was performed on March 
0, 1937. B, (Sept. S. 1938) eighteen months postoper- 
ative; T waves arc now normal. C, (Aug. 7. 19-lG) 
normal T waves have been maintained for nine years 
since operation. 


Fig. 0. — Case G. A, (Aug. 4, 1938) preoperative 
ECG; dennlte left axis deviation with depre.sscd RS-T 
segments anci inverted T waves in Leads I and II. 
Splanclinlcectoiny was performed on Aug. IS. il935. 
n, (April 11, 1939) eight months postoperative; T 
waves are now upriglit in Leads I and II. C. (Aug. 9, 
194G) eight years postoperative; ECG is within 
normal limits; T waves are upright and axis devia- 
tion is no longer outside normal limits. 


splanchnic resection futile, and each of the abnormalities, except bundle branch 
block and previous myocardial infarction, potentially may be significantly 
improved following operation. 

Heart Size . — Heart size in this series has been followed by serial teleroent- 
genograms taken before and after splanchnic resection. The prediction tables of 
Hodges, P. C., and Eyster’’’ for frontal area, and the prediction tables of Hodges, 
F. J., and Eyster® for transverse diameter have been used. Table V lists the 
criteria for determining relative extent of cardiac enlargement on the basis of 
the per cent variation from predicted normal. 


Table IV. Correlation of Postoperative Ecg Change With Postoper.vtive Blood Pres 
SURE Change in Eighty-three Patients Who Had Abnormal Ecg Preoperatively 




POSTOPERATI\Ti BLOOD PRESSURE 

POSTOPERATIVE 

ECG 

CASES 

REDUCED TO 
NORMAL 

15 MM. OR MORE 
REDUCTION IN 
DI.4STOLIC 
PRESSURE 

NO CHANGE OR 
WORSE 

Significant improve- 
ment 

34 

6 

1 

26 

2 

No significant change 

46 

2 

28 

16 

Worse 

3 

0 

1 

0 

3 
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In order for a postoperative teleroentgenogram to be considered as dem- 
onstrating “significant decrease” in heart size from the preoperative state, there 
must have occurred a 10 per cent or more decrease in frontal area or transverse 
diameter variation and change to the next category toward normal, according to 
Table V. The criterion for "significant increase” is that a 10 per cent or more 
increase in frontal area or transverse diameter variation has occurred. 


Table V. Criteria for Determining Extent of Cardiac Enlargement 



variation from PREDICTED-NORMAL 

i 

heart size 

cardiac area 

transverse diameter 

Upper limit of normal 

+ 10% 

+ 10% 

Slight cardiac enlargement 

11% to 20% 

11% to 20% 

Moderate cardiac enlargement 

21% to 50% 

21% to 50% 

Marked cardiac enlargement 

Greater than 50% 

Greater than 50% 


Cardiac enlargement was present in 177 cases, or 43 per cent of the series. 
Of the hypertensive subjects in whom an enlarged heart was demonstrated, 50 
per cent did not survive five to twelve years after the operation. It is seen that 
in hypertensive heart disease, patients with cardiac enlargement have a somewhat 
poorer prognosis than those with an abnormal electrocardiogram. Of those with 
normal sized hearts, 88.4 per cent were living (Table VI). 


Table VI, Heart Size in Three Hundred Eighty-four Hypertensive Patients 





PATIENTS ALIVE 5 TO 12 YEARS POSTOPERATIVELY 

PREOPERATIVE 

STATUS 

CASES 

DEATHS 

CASES 

LIVING 

SIGNIFICANT 
DECREASE IN 
HEART SIZE 

NO 

CHANGE 

INCREASE 
IN HEART 

SIZE 

NO 

FOLLOW-UP 

TELEROENT- 

GENOGRAM 

Normal heart size ■ 

207 

24 I 

183 

— 

123 

10 

50 

Cardiac enlarge- 
ment 

177 

88 

■ 

89 

25 

26 

. 6 

32 

Slight cardiac 
enlargement 

83 

' 33 

50 

. 11 

16 

5 

18 

Moderate cardiac 
enlargement ' 

76 

38 

38 

14 

10 

1 

13 

Marked cardiac 
enlargement 

IS 

17 

1 


— 



1 
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Teleroentgenogram‘s were rereiitly ohtainefl in 190 living fjatitmis fiv’e to 
twelve years after operation. f)f the fifty-seven p:itient^ with preofyerative 
cardiac enlargement , significant decrease? in heart size was sfinnonst rated in 44 {)er 
cent, 45.6 per cent showed no change, aiul iji 10.4 p(‘r cent, ftirther increase in 
size had ocenrred ('rable \'H). Serial fideroentgenograms f>f four pat iems who?^* 
heart size decreased .significantly after operation are simwn in 1‘igs. 7, 8, 9, 
and 10. 


T,\ni,K VII. Tin* fNri.ccNcr. or Si'teac,\i. TucATMCN'r os iO vvi Stzf . Mkascrc?? os Tr.t.r.- 
Kor-NToi-NooRAMs Of Ost, Hi'.sntu i> .Visctv Path.si.s Five, to Twn.v! VrAfs 

Afii.t! <iri CAtios 


i 

t'KCOn'.!l,\TIVI: .ST.VTCS i CASI s ; 

( 


tvr S'} Ar!> 


stesn iCAsr ; j sk,mj ica.v! 

nr.CKt-Asr. IS i nochasoc otct’i.AM. ss 

in ATM sir.i; i ni.APT si^r 


i 

.Vornialhcart sire | I.st i j 12.M‘>2 S';-;:) 10(7 5';;;..) 

Cardiac enlargement • 57 ■. 25(4 5%) .9>(55 6%) , t* fUi -t%> 


Of the 133 patients with normal heart size prior to operation, 92.5 per cent 
maintained an unchanged normal status for five years anti more, (.'anliac en- 
largement occurrerl during the long {>o.st opera live period in 7.5 p«‘r cent of thoR* 
who had hearts of normal size before splanchnic resection. 

It appears that reduction in blood pressure is neeessar\‘ in order for a signifi- 
cant decrease in heart size to oecur. In all twenty-six persons in wfunn ilcfinite 
decrease in heart size was demonstrated. bloo<| pressure levels luiA'e either been 
reduced to within normal range, or a significant reiluction of 15 mm. or more 
in diastolic, pressure has been maintained (Table VIII). 












Fig. 10. — Caso 10. Splaiichnlccctomy porforniod on March 23, 1!).3S. 
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Splanchnic resection has nothing to offer the hypertensive patient with 
marked cardiac enlargement. When the variation above the predicted normal 
is greater than 50 per cent for area or transverse diameter, the outlook is grave, 
and it cannot be influenced by splanchnicectomy. Of the eighteen patients who 
had marked cardiac enlargement, only one has survived five years. 

Cardiac Symptoms . — One or more of the cardiac symptoms of exertional 
dyspnea, paroxysmal nocturnal dyspnea, palpitation, swollen ankles, and anginal 
seizures were present in 54 per cent of the series. Eighty-five per cent of the 
patients complaining of cardiac symptoms had definite organic heart disease, 
confirmed by an abnormal electrocardiogram, by a teleroentgenogram showing 
cardiac enlargement, or by both. 

Of 162 patients who complained of exertional dyspnea, 100 had definitely 
enlarged hearts. Of the patients with exertional dyspnea, 38.3 per cent did 
not have cardiac enlargement (Table IX). 

Fifty-nine per cent of the patients with cardiac complaints have survived 
five to twelve postoperative years. Of the 124 persons who had preoperative 
symptoms and who were still living, 60 per cent were improved, 37 per cent 
have obtained no relief, and 3 per cent were worse. 

The patient with paroxysmal nocturnal dyspnea has very little to gain from 
surgical treatment of his hypertension. There were twenty-four cases with this 
complaint, and only three survived five years or more. Each of the twenty- 
four cases had an abnormal electrocardiogram and all but one also had cardiac 
enlargement. . 

Sixty-eight patients complained of characteristic anginal seizures, and 84 
per cent of these had organic heart disease, confirmed by abnormal electro- 
cardiogram or cardiac enlargement by teleroentgenogram or both. Sixty-two 
per cent of the patients with angina survived five to twelve years, and more than 
one-half of those still living have obtained definite relief from the seizures. 
Fourteen patients have been completely relieved of angina for five years or more 
since splanchnic resection. 

Of the 174 hypertensives who had no cardiac complaints, 85 per cent are 
still living. Ninety-three per cent still have no cardiac symptoms, while 7 per 
cent have developed symptoms during the long postoperative period. 

Physical Signs . — ^Abnormal cardiac physical signs were present in 160 
patients, or 24 per cent of the series, and 84 per cent of these had confirmed 
organic heart disease (Table X) . 

Fifty-eight per cent of patients with a systolic murmur and 60.6 per cent 
of patients with an accentuated aortic second sound were living five to twelve 
years after. operation. This approximates the overall 60 per cent survival rate 
of the group with hypertensive heart disease. 

Only 23-3 per cent, of the patients with gallop rhythm and 33.2 per cent of 
those with an accentuated pulmonic second sound have lived five to twelve years 





































































Table X. Physical Signs 
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following operation. Although splanchnic resection offers only a slim chance for 
prolonged survival to these patients, the presence of either one of these t%vo 
signs does not contraindicate operation. 

Congestive Heart Failure . — Sixteen patients in congestive heart failure were 
digitalized prior to splanchnicectomy. Only five of these patients were living 
after five years or more. One patient died on the day following operation. 

The hypertensive cardiac patient who requires digitalization has a grave 
outlook. But since such a patient stands one chance in three for prolonged sur- 
vival following splanchnic resection, he should not be denied the operation once 
he is properly digitalized. 

Coronary Occlusion . — Eleven patients Avho had had a coronary occlusion with 
myocardial infarction were subsequently treated by splanchnicectomy for 
their hypertensive disease. Eight of these persons were still living five to nine 
years after operation. The three deaths each resulted from a subsequent cor- 
onary occlusion, one to four years after operation. 

This prolonged survival of 72.7 per cent of the hypertensive patients who had 
also had a coronary occlusion should lead one to consider seriously splanchni- 
cectomy in hypertensive patients six to twelve months following a coronary 
occlusion. 

Coronary occlusion has occurred in twenty-four patients out of the entire 
series from three months to eleven months after operation. Six have survived 
myocardial infarction, and were still living five to ten years after splanchnic 
resection. It has been the cause of death in eighteen cases; 17 per cent of th 
112 deaths in this series have resulted from coronary occlusion. Goldring and 
Chasis® have compiled the causes of death in patients with h}’^pertensive disease 
as reported by various authors, and coronarj’^ thrombosis accounted for 13.6 
per cent of the total deaths in six different series. 

Of the twenty-four cases who sustained a coronary occlusion subsequent to 
splanchnicectomy, twenty had both an abnormal electrocardiogram and cardiac 
enlargement before operation. Five had anginal seizures preoperatively, and 
in four patients gallop rhythm was present prior to splanchnic resection. 

DISCUSSION 

The study of cardiac aspects in 384 cases of arterial hjqjertension treated by 
splanchnic resection five to thirteen years ago have revealed the following: 

1. Sixty per cent of patients with hj'pertensive heart disease were still 
living five to twelve years after splanchnicectomy. 

2. ^ Ninet^^-three per cent of hypertensive patients with normal hearts were 
still living five to twelve years after operation. 

3. Patients whose electrocardiograms show inverted T waves in both 
Leads I and II, or both definite left axis deviation and abnormal T waves, have 
a 50 per cent chance for prolonged survival following splanchnicectomy. 
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4. Of the patients still alive, 41 per cent of those with abnormal preopera- 
tive electrocardiograms recently showed significant improvement in their tracings 
five years or more after operation, and 44 per cent of those with preoperative car- 
diac enlargement recently showed significant decrease in heart size. 

5. Practically all patients who have shown improvement in electrocardi- 
ogram or decrease in heart size have maintained a significant reduction in blood 
pressure. 

6. Fifty per cent of hypertensive patients in whom an enlarged heart was 
demonstrated have not survived five to twelve years. 

7. Splanchnic resection is of no avail in cases of marked cardiac enlarge- 
ment with a variation greater than 50 per cent of predicted normal for frontal 
area or transverse diameter. 

8. The patient with paroxysmal nocturnal dyspnea has little chance for. 
benefit from splanchnic resection; only 12.'5 per cent survived five years or more. 

9. Anginal seizures were frequently relieved following splanchnicectomy. 

10. Of patients Avith gallop rhythm prior to operation, 23.3 per cent have 
surAdved five years or more. 

11. The hypertensive patient in congestive heart failure which requires 
digitalization preparatory to splanchnicectomy stands one chance in three for 
prolonged survival following operation. 

12. Eight out of eleven hypertensive patients who had had a coronary 
occlusion and Avere subsequently treated AAdth splanchnic resection Avere still 
living five to nine years after operation. 

Canabal and associates^® haA’-e recently supplied valuable information 
concerning the spontaneous evolution of the electrocardiogram in hypertension. 
They reported on a control series of fifty cases of hypertension AAdth electro- 
cardiograms taken over a period of five years or more. They found that in 
10 per cent of the cases there AA'-as questionable-to-slight improvement of the 
electrocardiogram; that in 40 per cent, the tracings remained unchanged; and 
that in 50 per cent, they became AA^orse. The spontaneous trend of the electro^ 
cardiogram in hypertension is to become Avorse as time goes on. 

^^dlen one compares this control group A\dth the eighty-three hypertensive 
patients AA^ho had abnormal electrocardiograms prior to splanchnic resection, and 
of, AA^hom 41 per cent shoAved significant improvement in their tracings five to 
tAvelve years later, and of Avhom only 3.6 per cent developed more serious electro- 
cardiographic changes, then one may justifiably state that splanchnicectomy has 
beneficially influenced the destiny of the hypertensive patients AAdth abnormal 
electrocardiograms Avho have been fortunate enough to have lived five years 
and longer after operation. 

There Avere 127 hypertensive patients Avho shoAved no evidences of cardiac 
disease at the time of operation. Nine subsequently died, and eight, Avho Avere 
still living, have developed heart disease, confirmed by an abnormal electro- 
cardiogram or cardiac enlargement by teleroentgenogram or by both. Of the 
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hypertensive patients with normal hearts prior to operation, 86.6 per cent were 
living and had maintained a normal cardiac status for five to twelve years: 
6.4 per cent were still living but had progressed to heart disease; and 7 per cent 
were dead. Has splanchnic resection significantly arrested progression to heart 
disease in hypertensive patients with normal hearts? Although the preceding 
figures appear appealingly good, no definite statement can as yet be made, for 
no appropriate control group is available for comparison. 

Has splanchnic resection prolonged the lives of patients with hypertensive 
heart disease? Again no definite statement can be made even though the statis- 
tics of. this series evoke a sympathetic response. The literature is inadequate 
concerning the life history of hypertensive patients with organic iieart disease, 
,and no fair comparisons can be made. 

There are several reports in the literature on survival in hypertension, but 
in none are the h 3 'pertensive patients with lieart disease separated from those 
with normal hearts. In Janeway’s" series of 458 hypertensive patients, one- 
half of the men died within four j-ears and one-half of the women within five 
^'^ears; by the tenth j'ear, one-half of the remainder had died. Hamman'- had 
a 78 per cent mortalitj' at the end of ten years. King and associates’^ followed 
481 patients for ten to si.xteen j'ears, and the mortalitj’ was 73 percent. In one- 
half of their cases, the discoverj" of hypertension was purely an incidental finding. 

Wagener and Keith’^ have presented a five-to-ninc-year follow-up study of 
219 cases of arterial hypertension, and they have offered the series as a control 
for anj' specific form of therapy. Their cases are classified according to retinal 
changes; the incidence of heart disease in this series is not known. One hundred 
forty-six of their patients had malignant hj'pertension. The remaining sevent}'- 
three patients form a series comparable to the 384 patients presented in this 
paper. Of their hypertensive patients without papilledema. 24.6 per cent have 
survived five to nine years since the initial examination. Of the 384 hyperten- 
sives without papilledema in our series, 71 per cent have survi\’ed five to twelve 
years since operation. It appears that splanchnic resection maj' ha\'e bene- 
ficiallj' influenced survival in h>^pertensive patients. 

SUMMARY 

This is a studj”^ of the cardiac aspects in 384 patients with arterial h\'per- 
tension, treated surgically by the operation of bilateral supradiaphragmatic 
splanchnicectonw and lower dorsal sj’mpathetic ganglionectonn*. The findings 
suggest that this surgical treatment ma\' have beneficialij' influenced the destin\' 
of a significant percentage of hj'-pertensive patients. 
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THE ELECTROCARDIOGRAM OF -MAN IN vSEMLSTARVATION 
AND SUBSEQUENT REHABILITATION 

Ernst Simonson, M.D., Austin Henschel, Ph.D., 

AND Ancel Keys, Ph.D. - 

Minneapolis, Minn. 

F rom the current textbooks and inonograplis on cardiology it seems to be 
believed that inanition has no significant cfTects on the heart and its function. 
Elsewhere, however, we have .shown that there are, in fact, profound changes in 
the size and function of the heart in seniislarvation and subsequent rehabilita- 
tion. ^ The present paper is an analysis of the associated electrocardiographic 
findings. While this material has primary reference to famine conditions, it 
should be noted that similar physiologic states occur in all wa.sting diseases: 
indeed, the majority of chronic illnesses tend to produce changes in this direction. 

The literature on electrocardiographic changes in chronic semistarvation 
and prolonged undernutrition is very small. Benedict and co-workers- reported 
that the electrocardiograms in their e.xperiments on undernulrition were within 
"normal” limits, but no quantitative analysis was made. The degree of semi- 
starvation attained in' Benedict’s series was mild compared to that in the series 
to be reported here and to the conditions in famine areas. The remaining 
scanty data in the literature were obtained from the uncontrolled conditions 
of war and associated famine; electrocardiograms from the prestar\-alion stale 
were not available. 

Electrocardiographic material was obtained by Tur* during the siege of 
Leningrad in 1941 and 1942. In forty severely undernourished patients, the 
majority showed sinus bradycardia, right axis shift, and low QRS voltage. In 
deteriorating patients, there was a progressive tendency to lower T-wave ampli- 
tude in the standard leads. In a later group of twenty-four patients, who had 
presumably suffered more prolonged but less acute inanition, the majority showed 
subnormal T-wave amplitudes and these were thought to have prognostic sig- 
nificance. 

Prom tlie Laboratory of Physiological Hygiene, University of Minnesota, Xliniicapolis. 
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Cardozo and Eggink^ found low voltage and sinus bradycardia in twenty- 
nine cases of severe undernutrition. In addition, the Q-T interval Av-^as pro- 
longed, both absolutely and in relation to the cycle rate. 

Ellis® made electrocardiographic studies on four repatriated prisoners of 
war, immediately after liberation and during three weeks of rehabilitation; 
these men were in an advanced state of semistarvation. The most prominent 
feature was a tremendous prolongation of the Q-T interval. In three cases, the 
P wave was superimposed on the descending limb of a rounded T wave, and in 
two cases the S-T segment was depressed^ Several other features are discernible 
in the electrocardiograms reproduced by Ellis. All four patients had a right axis 
shift and the T waves were small or became small during- refeeding. The QRS 
amplitude decreased during treatment in three patients and was rather low at 
all times in the fourth patient. In the most cachectic patient a pulsus trige- 
minus, due to premature ventricular beats, disappeared with refeeding. 

The material presented here was obtained from thirty-two young men, pre- 
viously normal, who underwent twenty-four weeks of semistarvation (after a 
control period of twelve weeks), and during thirty-two subsequent weeks of re- 
habilitation. During the semistarvation period, the men lost from 27 to 65 
pounds, representing an average of 24 per cent of their original weight. Further 
details are given elsewhere.^- The clinical picture closely simulated that seen 
in many liberated areas in Europe in the spring of 1945. 


METHOD 

General Procedtire and Experimental Arrangement. — ^Thirty-two normal 
young men (age range from 20 to 33 years) resided in the laboratory on a con- 
trolled regimen of diet and activity. During a control period (C)* of three 
months, they were kept at a maintenance diet averaging 3,490 calories. For 
167 subsequent days they subsisted on a European type of famine diet, averaging 
daily 1,660 calories, including 30 Gm. of fat, 54 Gm. of protein, 1,29 mg. of 
thiamine,. 0.71 mg. of riboflavin, and 20.7 mg. of niacin. 

At the end of the semistarvation period, the thirty-two subjects were sub- 
divided into four groups for the first twelve weeks (to R12) of rehabilitation 
(Groups Z, L, G, and T), who received diets differing in steps of 400 calories 
daily; Group Z averaged 2,500 calories daily in this period. After R12, there were 
no diet restrictions. 

Although electrocardiograms Avere taken more frequently, w-e have restricted 
the detailed analysis to the folloAAnng periods, AA^hich characterize the general 
trend of the changes during semistarvation: control (C), tAA^elfth and tAA^enty- 
fourth AA^eeks of semistarvation (SI 2 and S24), and the tAA'^elfth Aveek of rehabilita- 

♦Throughout the paper, the following legend will be used : 

. C = control period. 

S12 = twelfth week of starvation. 

B12= twelfth week of rehabilitation. 
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tion (R12). The average body weights of the thirty-two men were 70.0, 56.9, 
53.2, and 59.4 kg. at these several times, respectively. Twenty of these men were 
re-e.vamined after thirty-two weeks of rehabilitation (R32); at that time their 
body weights, in most cases, e.\ceeded their original control weights. 


Electrocardiographic Procedure . — ^The three standard leads were taken, to- 
gether with heart sound records, during arrested respiration. An e.vternal 
voltage calibration was used before and after each series, in addition to that 
incorporated in the instrument (Sanborn). The speed was similarly checked 
independently. The duration of mechanical systole was calculated as the in- 
terval between the start of the major oscillations of the first heart sound and the 
beginning of the second heart sound. Both Q-T interval and mechanical systole 
were averaged from five beats, usually in Lead II. The constant K was cal- 
culated both for Q-T (Kq-t) and mechanical systole duration (Ksyst). using the 
Q-T (or systole) 


formula K = 


VR-R 


The average heart rate was calculated from ten 


beats; in addition, the shortest and longest R-R intervals of the whole record were 
measured. Their difference, absolute and in percentage of the average heart 
rate, was used as a criterion of arrhythmia. The amplitudes of the P wave, the 
QRS complex, and the T wave were measured in all leads. The QRS axis and 
the T axis were calculated, using Dieuaide’s procedure. For estimation of -the 
overall magnitude of the QRS complex and the T wave, the sum of the amplitudes 
in Leads I, II, and III was calculated. The symbols Seng and Sj, are used to 
express these values. 


After Lead II was taken with arrested respiration, the effect of maximum 
inspiration was recorded in the same lead. Early and late effects, especially' on 
intervals, were analysed. The statistical significance of the changes in semi- 
starvation and rehabilitation was calculated by means of the T-test.^’^® 


RESULTS 

hilerval Changes . — ^Tables I and II show the average interval changes (heart 
rate, Q-T interval, systole duration, Kq.t and Kstst) during starvation and 
thirty-two weeks of rehabilitation. The P-R interval, QRS interval, and dura- 
tion of the P wave did not change significantly during starvation and rehabilita- 
tion and are, therefore, not included in the tables. 

Table I shows the absolute values and standard deviations for the total 
group of thirty-two subjects for the periods C, S12, S24, and R12 and for twenty 
subjects for the periods C, S24, R12, and R32. Table II shows the differences 
between the various periods, calculated from Table 1. The values of both 
groups coincide very closely for the periods C, S24, and R12, so that probably 
the changes at R32 of the group of twenty subjects are representative for the total 
group of thirty-two subjects. 

The slow average heart rate (55.2 beats per minute) during the control 
period agrees well vith many observations on healthy young men made in this 



SIMONSON ET AL. : ECG OF iL4N IN SEMI STARVATION 587 


Table I. Heart Rate, Q-T Interval, and Systole Duration in Semistarvation and 
Rehabilitation. Mean Values and Standard Deviations of 
Thirty-two and Twenty Subjects 



NO. 

CONTROL 

Si 2 

'S24 

R12 

R32 


OF 






1 





function 

SUB- 

JECTS 

1 M 

i 

±<T 

I 

M 

B 

M 

±a 

M 

1 

B 

M 

±or 

Heart rate 

32 


6.49 

35.3 

4.96 

37.3 

5.15 

49.2 

6.56 

1 


(beats/min.) 

20 

54.9 

1 

— 

• 

37.5 

— 

50.0 

• 

58.7 

5.03 

Range of heart 

1 

32 

9.50 

4.16 

3.1 

1.16 

3.4 

1.27 

7.6 

4.50 




rate absolute 

20 

9.8 

— 

■ 


3.3 


7.2 


10.4 

2.66 

Range in per 

32 

mi 



8.1 

B 

8.8 

B 

14.1 

B 

— 



cent of aver- 
age heart rate 

20 

■ 



■ 

8.8 

B 

13.8 

B 

17.8 

4.07 

Absolute Q-T 

32 

35.8 

2.69 

46.1 

8.63 

45.1 

2.55 

41.3 

2.27 

_ 



(sec. X 100) 

20 

36.1 

— 

_ ! 

i 

— — 1 

45.8 

— 

41.4 


39.8 

2.71 

Absol. mechan. 

32 

32.5 

2.46 

39.3 

2.39 

39.3 

2,41 

37.2 

2.02 

— 



systole dura- 
tion (sec. X 

20 

•• — — 


1 

■ ' 






• 

100) 


1 


i 








Kq-t (x 100) 

32 

37.011 

1.8 1 

36.54 

1.6 

36.34 

2.4 

38.18 

1.7 



(Q-T/R-R-*) 

20 

37.03 

— 

— 

— 

36.43 

’ 

37.94 

— 

38.69 

2.2 

Ksyst (x 100) 

32 

33.55 

1.6 


1.3 

31.55 

1.6 

34.35 

1.5 

— 

— 


laboratory during recent years. The heart rate slowed to 37.3 beats at the end 
of the semistarvation; it increased again during rehabilitation, but was still belo\v 
the control value at the twelfth week of rehabilitation. How'ever, a further 
increase occurred from R12 to R32, and this change was statistically highly 
significant. The pulse rate at R32 even exceeded the initial rate (C), and this 
difference was statistically highly significant. 

The decrease of the heart rate was associated with a narrowing of the range 
of the heart rate (variability within the electrocardiogram). This is true for the 
absolute range as well as for the variability in percentage of the average heart 
rate. The heart beat is more regular in the starved subject than it is in a normal 
subject. A pronounced sinus arrhythmia w^hich ivas present in a few'^ subjects in 
the control period disappeared completely during semistarvation. In the re- 
habilitation period the range increased wfith the heart rate again and sinus 
arrhythmia returned in those subjects w'ho had sinus arrhythmia before starva- 
tion. Expressed as percentage (Table II), the decrease of the range (variability) 
of the heart rate in starvation (and the increase in rehabilitation) exceeded the 
decrease of the heart rate. 

The absolute Q-T interval and mechanical systole duration increased during 
semistarvation, as should be expected from the lengthening of the cycle. As 
showm by the changes of Kq.t and Ksyst during starvation and rehabilitation, 
the changes in the Q-T interval and in the mechanical systole duration lagged 




























































T-vole II. Differences of Intervals, Absolute and in Percentage of the Preceding Reference Period 

(The Values Correspond to Those of TABLii I) 



♦Statistically slgniflcant at 5 per cent lovol. 
fStatistlcally slgniflcant at 1 per cent lovol. 
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behind the changes of cycle length. In semistarvation with a lengthening 
cycle the Q-T interval and the systole duration remained relatively too short, 
and in rehabilitation with a shortening cycle both intervals remained relatively 
too long. The validity of the formula for "K” may be questioned, but at least 
it is useful for description. 

In the period from R12 to R32 there was a further decline of the absolute 
Q-T interval associated with a further increase of the heart rate, but the Q-T 
interval remained unusually long during the total period of rehabilitation. 
This is apparent when the values at R32 are compared with the control values, C. 
At R32, the pulse rate was higher than in the control period C, while the absolute 
Q-T interval was greater, and not shorter as should be expected. The differ- 
ence between R32 and C for Kq.^ is statistically highl}’- significant. The differ- 
ence between R32 and C for the heart rate, about four beats, although statisti- 
cally significant, is so small that all formulas suggested for the relation of the 
Q-T interval to c^mle length would show the same results, since in so narrow a 
limit the curves of all formulas are practically straight lines. The relative Q-T 
prolongation is one of the most persistent electrocardiographic changes after semi- 
starvation. 

Amplitude Changes . — ^Tables III and IV show amplitude and axis changes; 
Table III gives the absolute values and standard deviations, while Table IV 
gives the absolute and percentage differences and their statistical significance. 
Values for the QRS complex and T-wave amplitude for Lead III are omitted 
because the changes in this lead can be inferred from the amplitudes in other leads 
and the axis as given in Table III. There was a very marked decrease of the P 
wave, the QRS complex, and the T-wave amplitude in Lead I at S12, while the 
amplitude of T 2 and did not change essentially. The decrease of the QRS 
amplitude in Lead I is most pronounced, due to a combined effect of QRS axis 
shift and decrease of QRS amplitude. The decrease of Ti at S12 is due solely 
to the right axis shift of the T axis. In the interval from S12 to S24 the ampli- 
tudes of P 2 , of the QRS complex, and of T 1 continued to decrease at about the 
same rate as during the first twelve semistarvation weeks. The amplitude of 
the T wave (T 2 and 2 t), which was still unchanged at S12, thereafter declined 
rapidly so that the percentage decrease of R 2 , Sqm. T 2 , and St was about the 
same at S24. Changes of Sqrb and St could, to a certain extent, be produced by 
axis changes. Calculation of the manifest potential or the correction factor of 
Ashman and Byer^^ could be used for a closer estimate of the actual voltage 
changes. However, the changes of the amplitudes are too great to be possibly 
accounted for by any axis changes. There was unquestionably a very pro- 
nounced and statistically highly significant drop of the actual voltage of all de- 
flections of the electrocardiogram at the end of semistarvation. 

The time course of the voltage changes in semistarvation was different from ' 
the time course of the interval changes; the interval changes had reached their 
maximum already at S12, while the amplitude and axis changes reached their 
maximum deviation at S24. It may be concluded that the interval changes and 
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Table III Ampiitudes and Axis or the Electkocaeuiogkam Duuing SkmistakVatios ani> 
Rfhabilitation. Mean Values and Stanuard Deviations or 
Thirty-two and Twenty Subjects 


function 

NO. 

OF 

SUB- 

JECTS 

CONTROL 

S12 

S24 

R12 

K32 

M 

±cr 



M 

±<T 

B 

icr 


±CT 

P wave (mni.) 
Lead 11 

32 

20 

1.01 

0.99 

0.40 

0.68 

0.40 

0.52 

0.50 

0..I4 

0.81 

0.86 

0.38 

1 ,06 

0.40 

R wave (mm.) 

32 

3.75 

1.89 

2.10 

1.05 

1.45 

0.8.5 

2,44 

1,30 

93 

— 

Lead I 

20 

3.24 

— 

— 

— — 

1.38 

1 


i 2.04 

• 

Pj3 

1 2.43 

R wave (mm.) 

32 

9.91 

4.15 

8.03 

2.30 

6.23 

2.18 

7.09 

1 2.45 

131 

— 

Lead 11 

20 

9.30 

i 

1 ’ 

1 

6.08 

1 



6.74 


1 8.69 

2.89 


32 


7.75 

1 18.43 

4.10 

14.37* 

4.00 

16.65 

4.91 

— 

— 


20 

1 


— 

— 

• 

14.2SI 

• 

16.19 

— 

22.80 

4.74 

T wave (mm.) 

32 

1.70 

0.78 

1.14 

0.51 

0.40 

0.3l! 

1.20 

0.49 

— 

■99 

Lead I 

20 

1.74 

— 

— 

^ ! 

0.47 


l.ll! 

i 

— 

2.90, 


T wave (mm.) 

32 

2.73' 

1.07' 

2.80 

1.32 

1.70 

1 .09 

2.92 

i.oo! 

— 

193 

Lead II 

20 

2.88 

— 

— 

— 

1.83 

— 

2.90 

— - 

3.08 

1.04 

St (mm.) 

32 

5.59 

2.51 

5.60 

2.55 

3.53 

1.92 

5.82 

1.99 

— 

— 


20 

5.81 


— 


3.70 

— 

5 92 

— 

6. 89 

1.77 

QRS axis" 

32 

68.4 

15.9 

77.8 

9.29 

81.6 

10.02 

69.8 

2.06 

_ 

_ 


20 

70.4 

— 

— 

^3 

82,4 

— 

71.2 

■ 

54 2 

22.4 

T axis" 

32 

47.5 

23.5 

65.9 

Uplpyi 

69,8 

23 9 

39 

9.44 


93 


20 

53.4 


— — 

IB 

72 S 

— • 






the voltage or axis changes are not closely related to one another and may be due 
to different causes. Also, there are discrepancies in the time course of amplitude 
decrease between Sqrs and Rj on the one hand and Hx and Tj on the other hand. 
It seems probable, therefore, that the QRS amplitude changes and the T-wave 
, amplitude changes are also due to different causes. 

Although in rehabilitation all amplitudes were increased significantly 
alreadj^ at R12, the amplitudes of Po, Rj, Rz, Sq^s and Ti were still well below 
the control values (C), while the Tz and 2x amplitude had already reached the 
control values. In the interval from R12 to R32 all amplitudes showed further 
increases which were highly significant except for Tz. While the maj'or part of 
the recovery of Sqbs was completed only in the period from R12 to R32, the maj'or 
part of the recovery of the T amplitude was completed at Rl2. \\'hi]e Sqes 
was not significantly different from the control value at R32, 2^ e.xceeded the 
control value by 18.6 per cent, and this difference was statistically significant. 
This means that discrepancies of the time course between QRS and T changes 
were observed not only during senustarvation, but also during rehabilitation. 

Axis Cha7iges . — Both QRS axis and T axis shifted to the right during semi- 
starvation. This unidirectional shift is of interest, since under many conditions 



























































































Table IV. Amplitude Changes in the Electrocardiograji During Semistarvation and Rehabilitation, Expressed as Differences Between 
Various Periods, Absolute and in Percentage of the Preceding Reference Period (The Values Correspond to Those of Table III) 
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QRS and T axes cliange in the opposite direction. The changes of the T axis 
were greater than the changes of the QRS axis, but both were statistically highly 
significant. It appears that a change of the direction of repolarization occurred 
during semistarvation. The axis changes were continuous during this period. 
There was no significant correlation between QRS-axis and T-axis changes at S24. 

In the rehabilitation period, both QRS axis and T axis shifted back to the 
left. While the QRS axis attained the control values at R12, the T axis was 
still much closer to the S24 values; in fact, the changes of the T axis (AR12- 
S24) were not significant, in contrast to the highly significant changes of the 
QRS axis. 

In the period from R12 to R32, the QRS axis, and to a greater extent the 
T axis, continued to shift toward left. At R32, the QRS axis and especially 
the T axis were shifted to the left as compared to the control values and these 
differences were statistically highly significant. 

Fig. 1 shows the changes during starvation and rehabilitation of a few 
fundamental functions; average heart rate and range of variability of heart rate, 
R^ and T 2 amplitudes, and QRS and T axes. For the periods C to R12, the values 
of the total group of thirty-two subjects Avere taken, and for the period R32 the 
values of the twenty subjects were used, with a correction for the absolute 
differences of the control values between both groups.' The discrepancies in the 
time course between the heart rate changes and the amplitude changes are obvious. 

Fig. 2 shows the typical sinus bradycardia, right axis shift, and decrease of 
the P, QRS, and T amplitudes during starvation on one of our subjects. The 
changes are regressive at R12. While the electrocardiograms of all subjects 
(except one with a left axis shift bordering on left ventricular preponderance) 
were within normal limits before the experiment started, the majority (75 per 
cent) would have to be classified as abnormal at S24 because of low voltage of the 
QRS complex and T waves. 

Effect of the Caloric Level in the Rehabilitation Period . — In the preceding 
analysis of our results, the effect of rehabilitation was discussed without differ- 
entiation of the four caloric groups ; these Avere spaced in intervals of 400 calories 
and designated in increasing order as Z, L, G, and T. As has been shoAAm, the 
recovery of most electrocardiographic functions AAms far from complete at R12; 
in fact, the recoA'^ery of many functions Avas only slight, although statistically 
significant. Therefore, no clear-cut differentiation of the. different caloric 
groups could be expected at that time, Avhile later, after the tAvelfth AA'eek, the 
diet AA'as no longer controlled. HoAA'^ever, a complete statistical analysis AAms made, 
and a statistically significant differentiation of caloric groups aa'us found for the 
folloAAnng items; duration of mechanical systole, Kq.t, R Avave in Leads I and II, 
Sqhb. T AA'aA’’e in Leads I and II, and T axis. 

The differentiation Avas significant only in the extreme groups, either Group Z 
(for instance, mechanical systole duration) or Group T (for instance, Ri) AA-as 



Axis Degrees Amplitude, mvxlO,_R3t ' 


SBIONSON ET AL. : EGG OF AMlN IN SEMISTARVATION 


Control Starvation Rehabilitation ( Weeks) 


Fig. 1. — Changes of heart rate, Kz amplitude, Tj amplitude, QRS axis, and T axis during starvation 
and rehabilitation. The upper part of the graph shows the changes of the average heart rate (middle 
curve) and the variability of the range of the heart rate, calculated from the longest and shortest R-R 
interval flower and upper curve). The middle part of the graph shows the amplitude changes in mv. x 10 
of the R wave and T wave in Lead II, The loAver part of the graph shows the changes of the QRS axis 
and T axis. 
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slgnificJlntly different from the other three caloric groups, or the extreme groups 
(T versus Z) were significantly different, or the combined groups G+T versus 
L+Z were significantly different. 

There was no significant difference of any electrocardiographic function 
in regard to high and low protein intake or high and low vitamin intake. It 
seems that the duration of mechanical systole and the Ri amplitude might be 
especially useful for differentiation of caloric groups in rehabilitation. 

The Effect of Maximum Inspiration . — One of the most pronounced changes 
during semistarvation is the sinus bradycardia. While the slowing of the heart 
rate may be regarded as an adaptation to the decreased metabolic rate, the 
underlying mechanism was not clear when the experiment was started. The 
effect of a maximal voluntary inspiration was used as a possible approach to study 
the pulse' rate regulation. In the early phase of the maximal inspiration, the 
acceleration of the heart rate, probably due to sympathetic stimulation, was 
observed in all subjects, while a retardation below the resting pulse rate in the 
late phase of maximal inspiration, obviously a vagus effect, was present only in 
eighteen subjects. The analysis of the late effects of maximal inspiration was 
made only in those eighteen subjects who showed a definite vagus effect; no 
change of vagus stimulation during semistarvation could be e.xpected if such an 
effect were absent in the control period (C). 

Table V shows the effect of the early and the late phase of maximal inspira- 
tion on the heart rate, on Kq.t, and Kbvst- The values show the changes pro- 
duced by the maximal inspiration, as compared with the values at rest. The 


Table V. Response to Maximum Inspiration (Mean Values, Differences, 

AND Statistical Significance) 


FUNCTION 

NO. OF 
SUBJECTS 

C 

S24 

R12 

A 

S24-C 

A 

R 12-24 

PHASE OF 
MAX. INSPIR. 

Heart rate 

30 

21 

14.5 

16.8 

-6.5t 


Early 

Heart rate 

32 


14.5 

16.5 


2.0 

1 

Early 

Heart rate 

18 

-7.1 

1 -1.9 

-3.7 

5.2t 

-1.8* 

Late 

Range of heart rate, 
difference rest-max. 
inspir. 

30 

32 

24.7 

j 

m 

18.4 

19.4 

1 

-9.4t 

4.1 

■ Total duration 

Kq-t (x 100) 

30 

73.5 

63.8 

55.8 

-9.7 

-8.0 

Early 

Kq-t (x too) 

31 

-26.2 

-14.5 

-35.3 

4-11.7* 

-20. 8t 

Late 

Ksyst (xlOO) 

28 

-26.9 

-15.6 

-32.2 

4-11.3* 

-16. 6t 

Late 

Mech. syst. dur. 

(x 100) 

28 

-1.53 

-0.86 

-1.25 

m 

■ 

Late 


•Significant at the 5 per cent level., 
fSignificant at the 1 per cent level. 
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initial acceleration, as well as the late retardation effect, was much less pronounced 
at S24 as compared to C, and this decrease was statistically highly significant. 
During twelve weeks of rehabilitation, there was no significant change in the 
initial acceleration, while the retardation effect became more pronounced again, 
so that the difference of the response A R12-S24 was significant at the 5 per cent 
level. However, the retardation response was still definitely less than it had been 
before starvation (C). 

The range of heart rate under the influence of maximum inspiration was cal- 
culated as the difference between the shortest and longest cycle, and was com- 
pared with the variability range during rest (Table I), Since both initial accelera- 
tion and late retardation decreased in semistarvation, the range of the heart 
rate showed a corresponding decrease at S24; the recovery was far from complete 
at R12. 

It is known that the adaptation of the Q-T interval to rapid changes of the 
cycle length is incomplete, so that pronounced changes of Kq.^ occur. However, 
this coefficient is still useful for an analysis of a possible change in the mechanism 
of Q-T cycle adaptation. In calculating the effect of the late phase of respiration, 
the values of all subjects were used. 

The increase of Kq.t in the early phase of maximum inspiration, above the 
resting values of Table I, did not change significantly during semistarvation and 
rehabilitation. The decrease of Kq.^ and Kbtst in the late phase of maximal 
inspiration, indicating a lag of adaptation to the increasing cycle length, was 
much smaller at S24. This trend was reversed again in rehabilitation, even over- 
shooting the control values (C) at R12. The changes were statistically signifi- 
cant. The mechanical systole could not be determined at the early phase of 
maximal inspiration because of the interference of the noise produced by the 
inspiration. The fact that the values at R12 overshot the control values (C), 
while the recovery of the heart rate was still far from complete at that time, sug- 
gests that there is a direct effect of semistarvation on the response of Q-T and 
mechanical systole to maximum inspiration, which is independent, to a certain 
extent, of the response of the heart rate. This is borne out by analysis of the 
absolute systole duration. The response of the whole group was significantly 
less at S24, as shown in Table V. The total group was divided according to the 
presence of a vagus retardation effect on the heart rate in the late phase of max- 
imal inspiration. The mean values of the mechanical systole for fifteen subjects 
with retardation were —1.53, —0.93, and —1.33 for the periods C, S24, and R12, 
respectively. The mean values for thirteen subjects without retardation of the 
heart rate were —1.53, —0.73, and —0.14, respectively. There were no signifi- 
cant differences between the group with retardation and the group without re- 
tardation. 

Occasio7ial Observations . — Some interesting occasional observations were 
made in a few subjects. In Subject 102 (first subject of Fig. 3), the P wave became 
slightly negative during the late phase of maximal inspiration (indicated by the 
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.signal) with shortening of the P-R interval after four weeks of semistarvation. 
Later, the P wave disappeared entirely at the end of maximal inspiration, and 
this phenomenon remained the same also during twelve weeks of rehabilitation. 



Subject 

129 














inii 



A B C D 

Fig. 3. — Subject 102, fifth Aveek of starvation. A = Lead II, before maximum inspiration. B == 
Lead II, early phase of maximum inspiration. Increased heart rate, no change of P wave. C = Lead 
II, late phase of maximum inspiration; nodal rhythm. 

This phenomenon remained the same during semistarvation and rehabilitation. 

Subject 2. A = Control period; Lead II at rest. Sinus rhythm. B = Lead II, thirteenth week 
of starvation, at rest before maximum inspiration. Nodal rhythm. C = Same E.C.G., same lead, 
during late phase of maximum inspiration. A P wave has appeared, indicating re-establishment of sinus 
rhythm. D = Sinus rhythm is still present in the subsequently taken Lead III. 

Subject 129. A = Control period. Lead II; normal sinus rhythm. B = Fifth week of starvation, 
Lead II, before maximum inspiration. Nodal rhythm. C= Already, in the early phase of maximum 
inspiration, a P wave appears which is present only during the maximum inspiration. D = Late phase of 
maximum inspiration. The P-R interval in the last beat is shortened to 0.1 second; in the subsequent 
beats no P wave is present. 


In Subject 2, just the opposite phenomenon occurred. Beginning at S13, the 
sinus rhythm was replaced by nodal rhythm (second and third subjects of Fig. 3), 
but maximal respiration produced a transitory restoration of the sinus rhythm. 
In Lead III, taken after Lead II, the sinus rhythm was still present. Also, in 
Subject 129, the normal sinus rhythm (third subject, Fig. 3, A) was replaced by 
a nodal rhythm (third subject. Fig. 3,B) as early as S5. In the early phase of 
maximal respiration, a small P wave with a short P-R interval (0.09 second) 
appears in the first beat (third subject, Fig. 3,C) while in the second beat the P 
wave is of about normal (prestarvation) amplitude with a P-R interval of 0.19 
second. In the late phase of maximal inspiration, the P-wave amplitude and 
P-R interval decrease again ; the P-R interval in the first beat of Fig. 3 (third 
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subject, D) is 0.16 second, in the second beat 0.10 second, indicating nodal rhythm 
again. Although the effect of maximum inspiration is similar in both subjects, 
the sinus rhythm is restored for a much shorter time in Subject 129, in fact, 
it is restricted to the duration of the maximum inspiration. These were the 
only subjects in whom semistarvation produced a nodal rhythm. 

DISCUSSION 

Relation to Previous Records. — Our results are confirmatory to the general 
observations of decreased QRS and T-wave amplitude in famine areas, but the 
latter have only the character of occasional observations in patients, while in 
our experiments quantitative relationships were obtained under controlled con- 
ditions. 

Our results disagree with the reports of Cardozo and Eggink^ and of Ellis® 
that the Q-T interval is lengthened in relation to the cycle length. The only 
explanation we are able to offer for the discrepancy is the possibility that these 
authors happened to investigate another (and generally more advanced) phase 
of semistarvation. 

Amplitude Changes.— (Ihe decrease of the QRS and T-wave amplitudes is 
probably the most significant change of the electrocardiogram in starvation. 
It may be due to the following causes: 

1. Decrease of Heart Size : The decrease of the amplitudes was accompanied 
by a very marked decrease of the heart size as determined by teleroentgenograms 
and roentgenkymograms. These results are presented elsewhere*; it may be 
mentioned that there is also good evidence from autopsy material that the heart 
weight decreases in semistarvation much in proportion to the loss of body 
weight.*--*^ Since in the hypertrophic heart the QRS amplitude is, as a rule, 
increased, it might seem logical to assume that a decrease in an atrophic heart 
would be e.xplained on this basis alone. However, this assumption should not 
be made without reservations, since secondary" changes in the hypertrophic 
heart, which are absent in the atrophic heart, might be contributory. 

2. Myocardial Degeneration-. There is evidence of widespread degenerative 
histologic changes in the hearts of starved animals*®"*' which has been con- 
firmed recently by Pollack*® in human autopsy material. 

3. Decreased Metabolic Rate: Although there is no outright correlation 
between QRS amplitude and the basal metabolic rate, both QRS and T ampli- 
tudes are usually decreased in hypothyroidism and have a tendencj' to be in- 
creased in hyperthyroidism. The average basal metabolic rate of our group 
decreased 37 per cent during semistarvation, and at R12 was still only 82 per 
cent of the prestarvation control. 

4. Fluid Accumidalion in Chest or Pericardium: Although twenty-eight 
out of thirty-two of our subjects showed clinical edema during semistarvation 
there was no evidence to indicate an accumulation of fluid in the chest or peri- 
cardium. 
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Axis- Chaiiges. — The right axis shift of the QRS complex was probably due ‘to 
positional changes; a smaller heart tends to assume a more vertical position. A 
right axis shift of the anatomic axis was obvious in the x-ray studies.^ However, 
there was no exact correlation between the right axis shift of the anatomic axis 
and the QRS axis; this discrepancy might be due to the fact that the x-ray studies 
were made in the standing position, while the electrocardiograms were taken 
in the supine position. 

It is also possible that the right axis shift of the QRS axis is due to a relative 
right ventricular preponderance or to a change in the pathway of excitation. 
A relative right ventricular preponderance could be produced by a greater degree 
of atrophy in the left ventricle; there are no data available to support or to con- 
tradict such assumption. In this connection, it is’ interesting that in Tur’s mate- 
rial right axis shift was more common in the advanced cases than it was in the 
milder cases. The main reason for the overshooting of the left cixis shift in re- 
habilitation is probably mechanical: all men were fatter, particularly in the 
abdominal region, at R32 than they were at C; the increased volume of the 
abdominal organs would explain a position of the axis farther to the left. 

Heart Rate, — ^The slow heart rate in semistarvation is referable to a sinus 
bradycardia in most cases, but our material shows that in exceptional cases nodal 
rhythm occurs. The occurrence of nodal rhythm would be compatible with the 
assumption that the slow heart rate in semistarvation is due to increased vagus 
tone. Schiff'^® reported that atropine (0.5 to 0.75 mg.) promptly abolished 
starvation bradycardia for a transitory period, but Schittenhelm and Schlecht^® 
found no effect whatever with 1.0 mg. of atropine. We found not only the late 
vagus effect, but also the early sympathetic acceleration of the heart rate to be 
decreased in maximum inspiration. Since both vagus and sympathetic response 
are diminished, the slow heart rate may be due to both increased vagus tone and 
loss of sympathetic tone. This would agree with Hoessiin’s’* observations of the 
absence of emotional pulse rate changes in semistarvation and with our findings 
of the decreased range of variability. 

Jordan’s^^ observation that the initial digitalis retardation of the heart 
rate fails to appear in starving dogs is an interesting corroboration of our results. 
Statkewitsch's^® findings of extensive pathologic changes in the cardiac ganglia 
of rabbits in advanced inanition might be regarded as histologic evidence for the 
loss of vegetative regulation which would only be very slowly reversed in re- 
habilitation. 

Significance of Our Results for Heart Pathology in Malnutrition. — Except 
for the beriberi heart, the condition of the heart in states of malnutrition has 
found little attention in clinical medicine. In several recent textbooks of cardi- 
ology no mention is made of the importance of the nutritional state for 
cardiac pathology. Vaquez"“ recognized the theoretical importance of nutri- 
tional effects on the condition of the myocardium, but he was inclined to believe 
that the effect is insignificant. Although in general there is little correlation 
between electrocardiographic findings and the functional state of the heart, 
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the occurrence of significant clianges in most electrocard iograpliic items during 
semistarvation cannot be ignored. It seems safe to conclude that they indicate 
myocardial clianges. The implications of the present results would be that 
prolonged semistarvation produces a deterioration of the slate of the myocardium, 
which might be functionally compensated for a time. However, the compeni^a- 
tion might break down under conditions of additional slre.ss. In the pre.sent 
study such stress conditions were e.xcluded, but they might well arise under less 
well-protected conditions. In connection with this, it is interesting to note that 
one of our subjects suddenlj^ became decompen.sated in the early rehabilitation 
period ; the heart became enlarged and the venous pressure rose abruptly. Treat- 
ment with bed rest, reduced food intake, and diuretics restored the patient within 
one week. The reason the decompensation appearefl in the rehabilitation period 
might be the increased circulaior\' load due to sharply increased food ingestion 
and greater activity. 


SUM .MARY 

1. In thirty-two normal subjects, electrocardiograms were taken at regular 
intervals during a control period of three months, during a semistarvation period 
of six months in which a 24 per cent weight lo.ss was produced, and during a 
controlled rehabilitation period of twelve weeks. In twenty subjects, electro- 
cardiograms were taken also after thirty-two weeks of rehabilitation, the last 
twenty weeks being on a freely cliosen diet. 

2. During sem.istarv'ation, statistically highly significant changes occurred 
in most electrocardiographic items, and the electrocardiograms became clinically 
abnormal in the majority of subjects. 

3. There was pronounced slowing of the heart rate, and its variabilit}' 
range decreased both relatively and absolutely so that the heart rate was more 
regular in semistarvation. These changes reached their ma.\imum at the twelfth 
week of semistarvation, and recovered slowly during rehabilitation. 

4. Q T interval and meclianical systole duration increased during semi- 
starvation and shortened again during rehabilitation, but these changes lagged 
behind the simultaneous changes of the c 3 -cle length in both directions, so that 
Kq.t and Krtot changed accordingljc 

5. The amplitudes of all deflections (P wave, QRS complex, and T wave) 
decreased continuously and verj' considerably during semistarvation and re- 
covered slowly during rehabilitation. 

6. During semistarvation, there was a marked right axis shift of the QRS 
axis and even more so of the T axis, so that the angle between both axes was 
diminished. During rehabilitation, both QRS axis and T axis moved to the left, 
overshooting the original prestarvation position at the thirty-second week of 
semistarvation. 

7. Most electrocardiographic items were only partially recovered during 
twelve weeks of rehabilitation, but were back to the control values Avithin thirty- 
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two weeks, several functions (heart rate, Ri, St, QRS axis, T axis) overshooting 
the control values subsequently. 

8. There was a discrepancy in the time course of changes between interval 
and amplitude changes, and bet\veen QRS complex and T-wave changes. 

9. There was no correlation between QRS axis changes and anatomic 
axis changes, or between QRS axis and T axis, although ail changed in the same 
direction. 

10. A statistically significant differentiation of the groups receiving different 
caloric levels during rehabilitation was obtained in the following items : systole 
duration, Kqt, Ri, R?, Squs, IT, Ta, 2 t, and T axis. 

11. Before semistarvation, voluntary maximal inspiration produced an 
initial acceleration of the heart rate in all subjects, which was followed by a late 
retardation in eighteen subjects. 

12. During semistarvation, the effect of maximal inspiration was dimin- 
ished in respect to both initial acceleration and late retardation. During twelve 
weeks of rehabilitation, only the late retardation was restored. 

. 13. The decrease of Kqt and Kbtbt in the late phase of maximal inspira- 
tion was • significantly less pronounced at the end of semistarvation, and this 
effect was, to a certain degree, independent of the changes in the heart rate. 

14. "VAdiile the slow heart rate in semistarvation, as a rule, was due to sinus 
bradycardia, in two subjects nodal rhythm was observed; this was temporarily 
restored to sinus rhythm during maximum voluntary inspiration. 
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RESPONSE OF PERSONS WITH AND WITHOUT INTRAVASCULAR 
THROMBOSIS TO A HEPARIN TOLERANCE TEST* 

Albert B. Hagedorn, M.D., and Nelson W. Barker, M.D. 

Rochester, Minn. 

I N NOVEMBER, 1942, de Takats and GilberU presented a paper on use of 
the response to heparin as a test of the clotting mechanism of the blood. , In 
July, 1943, de Takats- published further data on this subject and gave the name 
“heparin" tolerance” to the test. Without detracting from the possible value 
and importance of this approach to the study of blood coagulability in health 
and disease, we wish to point out that the exact technique used by these authors 
appears to be open to certain criticisms. First, a relatively small amount of 
heparin was used, thus perhaps limiting the range of response to the anticoagu- 
lant. Second, since capillary blood was tested, possibly the presence of variable 
amounts of tissue thromboplastin limited the accuracy of comparable determi- 
nations of coagulation time. Third, the coagulation test used was that of break- 
ing blood-filled capillary tubes, which is not considered an accurate standard 
coagulation test. Fourth, the differences in the time given for normal and ab- 
normal reactions were small and possibly within the limits of probable error of 
the method. 


PURPOSE OF STUDY 

Because of the tremendous interest during the last few years in the factors 
responsible for 'thrombosis and embolism, the work reported in abridged form 
herein was undertaken to substantiate de Takats and Gilbert’s major premise 
by utilization of a slightly different technique. After the beginning of this work 
and before its completion, de Takats and co-workers^*® published other papers 
on the effect of administering various drugs and of nervous regulation on the 
clotting mechanism as indicated by the results of the heparin tolerance test. 
Earlier, Macht® had pointed out the effect of administration of certain drugs on 
the response to injection of heparin. Since our primary aim was to measure the 
response to the heparin tolerance test in normal individuals and in those with 
conditions associated with thrombosis, we have not attempted to investigate the 
numerous implications suggested by the papers to which we have just referred. 


From the Division of Medicine, Mayo Clinic, Rochester, Minn. 
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METHODS 

We decided to administer intravenously an arbitrary dose of 25 mg. of 
heparin in 2.5 c.c. of liquid and to study the effect on the coagulation time in 
different individuals. The coagulation time was determined by a slight modi- 
fication of the method of Lee and White'; that is, by the inversion, every thirty 
seconds, of a 10 by 75 mm. Wassermann-type glass tube containing 1 c.c. of blood 
Avithdrawn from a vein of the arm. The coagulation time was determined before 
the injection of the heparin intravenously and at intervals of ten, twenty, thirt}', 
forty, and sometimes fifty, sixty, and ninety minutes after injection. All tests 
of the coagulation time Avere done at the usual temperature of the hospital 
room. 

The fifty control subjects A\'ere adult men and Avomen between the ages of 
18 and 62 years and Avere all apparently healthy. For the most part, the seventy 
patients AA-ere those suffering from peripheral A'ascular disease AA'ith old or recent 
intravascular thrombosis. For con\'enience, the patients AA-ere separated into 
five categories: (1) those AA'ith thromboangiitis obliterans: (2) those AA'ith arterio- 
sclerosis obliterans; (3) those AA'ith thrombophlebitis, old and recent; (4) those 
AA'ith conditions associated Avith types of thrombosis other than those of the 
preceding three categories; and (5) those suffering from miscellaneous diseases 


Table I. Coagulation Time, in Minutes, of the Blood of the First EleatvN Co.ntrol 
Subjects Before and .\t Stated Intera'als After the Intraa-enous 
Injection of 25 mg. of Meparin 
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not associated with known thrombosis. In the fourth category were two pa- 
tients with simple arterial thrombosis, both of whom made no response to the 
intravenous injection of heparin, and three patients with postoperative pul- 
monary infarction, two of whom gave no response and one of whom gave a normal 

response to administration of heparin. 

< 

After heparin tolerance curves had been determined on eleven normal sub- 
jects and thirty-seven patients, it was obvious that the maximal response to 
heparin observed at any of the ten-minute intervals was the one which occurred 
ten minutes after intravenous injection (Table I). In all subsequent tests, there- 
fore, the coagulation time was determined only before (control) and ten minutes 
after the intravenous injection of heparin. Thus, only two venepunctures on 
each subject were necessary instead of, the five or six venepunctures previously 
required, a definite simplification of the procedure. 

De Takats and co-workers classified the responses of the blood of different 
individuals to the intravenous injection of heparin into four groups as follows: 
normal, hyperactive, hypoactive, and no response. We have classified our re- 
sults similarly (Fig. 1). If the coagulation time of the sample of blood with- 
drawn ten minutes after the injection of 25 mg. of heparin was less then ten min- 
utes, the result of the test was considered as indicating no response to heparin ; 
if the coagulation time was ten to forty minutes, the response was considered 
hypoactive; if it was forty to ninety minutes, the response was considered nor- 
mal; and if it was more than ninety minutes, the response was considered hyper- 
active. 


RESULTS 

The coagulation time of the blood of three normal persons determined be- 
fore and after the intravenous injection of 25 mg. of heparin did not vary sig- 
nificantly from day to day (Table II). Similar results were obtained in the study 


Taui.e II. Coagulation Time, in Minutes, of the Blood of Three Normal Subjects 
Determined on Different Days Before and' Ten Minutes After the 
Intravenous Injection of 25 mg. of Heparin 



FEB. 22 

, 1945 ! 

MARCH 5, 1945 

• 1 

MARCH 9, 1945 

1 

APRIL 1, 1945 j 

APRIL 11, 1945 

SUB- 

JECT 

BEFORE 

AFTER 

BEFORE 

.AFTER 

BEFORE 

AFTER 

BEFORE 

AFTER 

BEFORE 

AFTER 

1 

414 

1 

56 

614 

63 

7 14 

54 

5 

60 

53^ 

64 

- 2 • 1 

■ 5H i 

51 1 

6 

59 



5 

48 

SVz 

64 

3 1 

7 ■ 

■ 48 

7- 

44 

7 

52 



7 

57 





































CocL^zzIation timo. in mimi^tes 


606 


AMKKICAN niCART JOURNAL 


110 



0 I 1 1 i 1 I I L. 

Control so 40 50 6o 7o 

Minutes after i.v heparin 


Fig. 1. — Heparin tolerance 


curves showing the four typos of responses ohtained. 
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of nine patients. The results were consistent. Results on one of these patients 
are shown in Fig. 2. An individual who gave no response to heparin on one day 
also gave no response to heparin when the test was repeated on another day; an 
individual who gave a hypoactive response on one day also gave a hypoactive 
response when the test was repeated a few days later. In contrast, the response 
to the heparin tolerance test varied considerably among different persons who 
were suffering from the same disease (Fig. 3). 
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Fig. 2. — ^Thromboangiitis obliterans: heparin tolerance curves for the same patient on different days. 


Two patients to whom heparin was given intravenously experienced mild 
'hypersensitivity to the drug. Neither gave a hyperactive response in terms of 
the classification of de Takats and co-workers. The first was a patient with 
chronic pernio whose sensitivity was manifested by a generalized erytherna, 
feeling of giddiness and suffocation, dyspnea, tachycardia, sudden cough, and 
borborygmus. He had a sensation of coldness of the hands and feet. The mani- 
festations of hypersensitivity lasted less than ten minutes. The heparin tolerance 
test was carried out as usual ; the response with regard to coagulation time was 
normal. The second patient had chronic rheumatic endocarditis with mitral 
stenosis, auricular fibrillation, and an acute occlusion of the right brachial artery. 
This patient’s hypersensitivity was manifested by mild pain in the middle part 
of the back and a “funny feeling.’’. There were no objective signs. These mani- 
festations lasted only three or four minutes. This patient made no response to 
the injection of heparin in so far as the coagulation time was concerned. 



ion t 1/770 in minzitos 


608 


A.MKIUCAN IlKAKT JOUKNAI. 



I'ig. 3. — Arteriosclerosis obliterans: heparin tolerance curves slio'vinK resnonscs in 
different patients with arterial thrombosis. 
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■ The comparative results of our study of the heparin tolerance test in fifty 
control subjects and in seventy patients with and Avithout evidence of intra- 
vascular thrombosis are shown in Table ITT. 


T.aiu.e III. Summary ok the Results of a Study of the Heparin Tolerance Test in Sixty- 
one Patients With Evidence of Intravascular Thrombosis, in Nine Patients 
Without Evidence of Intravascul.ar Thrombosis, and in Fifty 

Normal Subjects 
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COMMENT 

We cannot say whether the heparin tolerance test as applied by us can b 
used to determine the presence or absence of a tendency to intravascular thron 
bosis, but we believe there is significance in the relatively high incidence of nor 
reactors and hyporeactors among the patients who had intravascular thrombosii 
However, further study of a larger series of cases of thrombosis of various type 
is indicated. Since the procedure for doing the test is time consuming, a simpl 
fication of the method would be desirable. 

As previously stated, all coagulation tests were done at the ordinary teir 
perature of the hospital room. They Avere all made by the same individua 
Avho used the same technique and the same set of equipment each time. Then 
fore, Ave believe that the results obtained are comparable. We admit that mor 
accurate standardization is desirable®' but often not practicable. 
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SUMMARY 

The coagulation time of 1 c.c. of venous blood placed in a 10 by 75 mm. 
Wassermann-type glass tube and inverted every thirty seconds has been ob- 
tained on fifty control subjects and seventy patients before and after the intra- 
venous injection of 25 mg. of heparin in 2.5 c.c. of liquid. 

The results of the determinations of coagulation time on samples of venous 
blood withdrawn at ten-minute intervals for variable periods indicated that the 
maximal response to the intravenous injection of heparin occurred ten minutes- 
after injection. 

Of the individuals without evidence of intravascular thrombosis, including 
the control subjects, 5 per cent were hyper-reactors; 88 per cent, normal re- 
actors; 7 per cent hyporeactors, and none were nonreactors. 

Of the individuals with evidence of intravascular thrombosis (categories 
rto 4 in Table III), none were hyper-reactors, 31 per cent were normal reactors, 
30 per cent were hyporeactors and 39 per cent were nonreactors. 


REFERENCES 

1. de Takats, Geza, and Gilbert, N. C.: The Response to Heparin; a Test of the Clotting 

Mechanism, J. A. M. A. 121:1246, 1943. 

2. de Takats, Geza: Heparin Tolerance, Surg. Gynec. & Obst. 77:31, 1943. 

3. de Takats, Geza: The Effects of Sulfur Compounds on Blood Clotting, Surgery. 14:661, 

1943. 

4. de Takats, Geza, Trump, R. A., and Gilbert, N. C.: The Effect of Digitalis on the Clotting 

Mechanism, J. A. M. A. 125:840, 1944. 

5. de Takats, Geza: Nervous Regulation of Clotting Mechanism, Arch. Surg. 48:105, 1944. 

6. Macht, D. I.: Experimental Studies on Heparin and Its Influence on Toxicity of Dlgitaloids, 

Congo Red, Cobra Venom and Other Drugs, Ann. Int. Med. 18:772; 1039, 1943. 

7. Lee, R. L., and White, P. D.: A Clinical Studv of the Coagulation Time of Blood, Am. 

M. Sc. 145:495, 1913. 

8 V hittaker, J.: The Effect of Temperature on the Waugh and Ruddick Test for Increased 
Coagulability of Blood, Canad. M. A. J. 52:185, 1945. 

9. Lalich, J. J., and Copley, A. L.: .A Study of Clot Firmness in Viscometer Tubes, Proc. 

Soc. Exper. Biol. & Med. 51:232, 1942. 

10. Copley, A. L.) and Houlihan, R. B.: Blood-Saline Coagulation Time Test, Science 100:505, 



HEREDITARY DISTURBANCE OF CHOLESTEROL METABOLISM: 

A FACTOR IN THE GENESIS OF ATHEROSCLEROSIS 

Ernst P. Boas, M.D., Albert D. Parets, M.D., 

AND David Adlersberg, M.D. 

New York, N. Y. 

T he high incidence of coronary atherosclerosis and cardiac infarction among 
patients with hereditary xanthomatosis is well known. We have recently 
reported on the relative frequency of hypercholesterolemia, xanthoma tuberosum 
and tendinosum, arcus senilus, xanthelasma, and coronary artery disease, and 
have studied sixty-four individuals with this metabolic disorder.^ Xanthoma 
families are by no means as rare as was once believed. We have pointed out that 
in many members of these families the only manifestation of the disease is a high 
level of serum cholesterol. In several instances, such individuals have subse- 
quently sustained cardiac infarction while under observation. 

In some xanthoma families, relatively young persons may be found who 
exhibit arcus senilis in association with elevated serum cholesterol. Klatskin- 
reported two such young members in one family and we have made similar obser- 
vations.'' We have also found young adults with coronary atherosclerosis who 
are not members of a xanthoma family, but who, nonetheless, present arcus 
senilis and elevated serum cholesterol. The not infrequent appearance in the 
same individual of these three pathologic states, arcus senilis, coronary athero- 
sclerosis, and elevated serum cholesterol, suggests that they are more than 
coincidental. 

A clinical correlation between arteriosclerosis and altered cholesterol metab- 
olism has been attempted by several investigators. The first reliable investiga- 
tion was that of Mjassnikow^ who, in 1925, showed that among sixteen patients 
with atherosclerosis, twelve of whom had angina pectoris, the serum cholesterol 
level was elevated in every one. Later, Andes and associates^ found no difference 
between the cholesterol values of arteriosclerotic patients and normal individuals. 
However, it is clear that they were not dealing with atherosclerosis, since their 
criteria were based on palpation of the radial arteries and on evaluation of the 
condition of the dorsalis pedis vessels. The pathologic process involving these 
muscular arteries of the extremities is a medial sclerosis and not an intimal 
atheromatosis. Elliot and Nuzum® investigated blood cholesterol values in 
patients ^yith hypertension and arteriosclerosis and found no correlation between 
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the level of this blood lipid and the disorders studied. Their criteria also failed 
to differentiate between types of arteriosclerosis. Soon thereafter, Davis and 
co-workers^ reported that among fifty-nine patients with proved angina pectoris 
the levels of cholesterol, total and free, lipid phosphorus, and fatty acids were 
higher than in a comparable group of control subjects. The ages of their patients 
ranged from 38 to 69 years. More recently, Steiner and Domanski® selected 
fifteen patients with proved coronary atherosclerosis whose ages ranged from 
42 to 72 years and studied their blood cholesterol levels at varying intervals for 
as long as two years. This carefully conducted research revealed that the patients 
with coronary artery disease had much higher average serum cholesterol levels 
than similarly aged normal persons studied over the same period. They found 
an average serum cholesterol of 355 mg. per 100 c.c. in the group with coronar\' 
atherosclerosis and an average of 255 mg. per 100 c.c. in the control group. 
They also pointed out that, among patients with coronar\' artery disease, fluctua- 
tions in serum cholesterol levels from month to month were much greater than 
in normal persons, who maintain a relatively constant level through the years. 
This observation is of special importance and should be kept in mind when inter- 
preting the significance of a “high normal” or "slightly elevated” cholesterol 
value in a patient with coronarj^ atherosclerosis. Herrmann® found a mean serum 
cholesterol of 254 mg. per 100 c.c. among 120 patients diagnosed as having 
atheromatous heart disease with coronary thrombosis, mitral insufficiency, or 
angina pectoris. In a control group of fifty individuals, the mean serum choles- 
terol was 193 mg. per 100 cubic centimeters. Lerman and \Miite*° studied 
twenty-eight young patients with coronary artery disease and found that twenty- 
two of them had serum cholesterol values above 250 mg. per 100 cubic centimeters. 

Most of these investigators did not confine their observations to younger 
individuals, nor did any of them study the incidence of hypercholesterolemia 
among the members of the patients’ families. Since altered cholesterol metab- 
olism seem.s to be the underlying disturbance predisposing to coronar}" artety 
disease in young members of families in which there are multiple cases of xan- 
thomatosis, we thought it profitable to study the serum cholesterol levels and 
search for those stigmata that occur frequently in the presence of hj'percho- 
lesterolemia in a group of relatively young patients with uncomplicated coronary 
atherosclerosis and in their siblings. It might be that xanthoma families rep- 
resent only the extremes of disturbed cholesterol metabolism and that many 
patients with apparently uncomplicated coronary artery disease might fall 
into a similar pattern. If this were true, it might help to explain the familial 
occurrence of coronary arter^’^ disease and also give added significance to dis- 
turbed cholesterol metabolism in the etiology’ of coronary”" atherosclerosis. 

If hy’^percholesterolemia occurs with some frequency”^ in families, one or more 
of whose members have coronary”^ atherosclerosis, it w'ould seem probable that in 
these families a disturbance of cholesterol metabolism is the basic hereditary dis- 
order predisposing to atherosclerosis. 
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iMETHODS AND MATERIAL 

The patients were seen in the office practice of one of us (E.P.B.) and con- 
sisted of unselected, consecutive cardiac patients \idth proved coronary artery 
disease whose symptoms began under the age of 50 years. The vast majority were 
Jewish. Only patients with symptoms of coronary artery disease and electro- 
cardiographic evidence of myocardial damage were included. 

Over a period of one and one-half years, 122 patients were studied. These 
we have designated as primary patients. Each was examined for the presence 
of arcus senilis, xanthelasma, and xanthoma; and one or more serum cholesterol 
determinations were made by the method of Bloor.“ There were 108 men and 
14 women. Most were between 35 and 50 years of age, the 3’oungest being 27 
3 ears and the oldest, 64 3^ears. The average age was 45 years, the average age 
at onset of s3'^mptoms, 42 years. Those patients older than 50 years at the 
time of this investigation had developed angina pectoris prior to the age of 
50 3'ears. 

We Avere able to stud3^ and evaluate the families of fifty of the 122 patients. 
B3' family is meant all or most of the siblings. In each of three families of six 
to seven siblings, we were able to study only three members. Salient features 
of the siblings’ medical histor3s such as heart disease, hypertension, and diabetes 
ir.ellitus, were recorded. The presence or absence of arcus senilis, xanthelasma, 
and xanthoma were noted and serum cholesterol determined. In a few instances, 
the parents and children of primary patients were studied also. It is germane 
to note at this point that in conducting this type of family study much difficulty 
will be encountered in obtaining complete or nearly complete families. Many 
of the patients do not know' the whereabouts or health status of their siblings, 
especial^’’ of those living outside the United States. In the present study, 
additional limitations were created since many siblings were serving in the Armed 
Forces and w^ere unavailable for investigation. 

The range of normal, serum cholesterol, according to Bloor’s^^ method, is 
between 180 and 220 mg. per 100 cubic centimeters. By other methods,*’ 
250 mg. per 100 c.c. is considered the upper limit of normal. For purposes of 
our stud3L however, a serum cholesterol level of at least 3C0 mg. per 100 c.c. wms 
chosen as indicative of h3"percholesterolemia, thus eliminating the influence of 
minor elevations of serum cholesterol. 

RESULTS 

A total of 307 serum cholesterol determinations w^ere made. The values 
among the primary patients ranged from 199 mg. per 100 c.c. to 845 mg. per 
100 C.C., the mean being 316 mg. per 100 c.c. (±7.49 S.D.m)- The mean serum 
cholesterol in this series is somewhat low^er ,than that reported by Steiner and 
Domanski® wffio found an average of 355 mg. per 100 c.c. in their small group of 
patients -with proved coronary artery disease studied over a long period, but higher 
than that reported by Herrmann.® 
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Among the 122 patients, there Avere seventy-one (58%) whose serum choles- 
terol was elevated above 300 mg. per 100 c.c. (Fig. 1). The average serum choles- 
terol among these seventy-one patients was 365- mg. per 100 cubic centimeters. 
The average serum cholesterol among the remaining fifty-one patients Avas 
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RIk. 1. — Distribution of serum cholesterol values among one hundred twenty-two 
patients with proved coronary atherosclerosis. 


250 mg. per 100 cubic centimeters. There AA’ere tAventy-tAvo patients AA'ith arcus 
senilis, lAveU^e with xanthelasma, and three AA’ith xanthomatosis. Comparing 
similar age groups, the incidence of arcus senilis in the presence of coronary 
arlerA' disease Avas approximately the same in this series as in a previously reported 
study.’’ Among the tAventy-tAvo patients Avith arcus senilis and coronary athero- 
sclerosis, seventeen had elcA’ated serum cholesterol: among the twelve patients 
AA'ith xanthelasma and atherosclerosis, nine had elevated serum cholesterol; 
AA’hile among the three AA’ith xanthomatosis and coronary atherosclerosis, all had 
hypercholesterolemia. 



BOAS ET AL. : HEREDITARY DISTURBANCE OF CHOLESTEROL METABOLISM 615 

Hypertension was present in twenty-one of the 122 patients, diabetes mellitus 
in three, and rheumatic heart disease in two. Hypertension was found in eight 
of the fourteen women of the group. 

Of the fifty families studied, there were fifteen (30%) in which ail or most 
of the siblings showed an elevation of serum cholesterol. (These are the first 
fifteen families listed in Table I.) There were nine families in which one-half 
of the members available for study exhibited hypercholesterolemia, while the 
other half had normal cholesterol values as judged by our previously mentioned 
standard. In twenty-six families, there was no general tendency toward elevated 
serum cholesterol, even though an occasional sibling, exhibited hypercholestero- 
lemia. In a few instances the primary patient was found to have normal serum 
cholesterol, but the siblings had hypercholesterolemia or stigmata of disturbed 
lipid metabolism. 

Among the fifty families, several are of special interest: 

Case 10. — H. B. P., a man 52 years of age developed angina pectoris at the age of 47 years. 
He exhibited arcus senilis; his serum cholesterol was 322 mg. per 100 cubic centimeters. His 
mother had died at 58 years of age of "heart trouble” and diabetes mellitus; three sisters had died, 
one at 66 years of "heart disease” and two of "strokes” at 38 and 52 years, respectively. There 
were two living sisters whose serum cholesterol values were elevated to 350 and 325 mg. per 100 
cubic centimeters. The patient’s son had a normal cholesterol. 

Case 4. — C. W., a 37-year-oId man, had a cardiac infarction at the age of 37 years. His 
serum cholesterol was 285 mg. per 100 cubic centimeters. However, a brother who suffered a 
cardiac infarction at 38 years of age had a serum cholesterol of 339 mg. per 100 cubic centimeters. 
Two other siblings had serum cholesterol values of 322 mg. per 100 cubic centimeters. 

Case 1. — ^F. Z., a woman known to have hypertension, 48 years of age, had a cardiac in- 
farction. Her serum cholesterol was 345 mg. per 100 cubic centimeters. Her mother and one 
sister had died of "heart attacks.” Hypercholesterolemia was present in three of four living 
siblings, being 330, 320, and 304 mg. per 100 cubic centimeters. The fourth sibling had a serum 
cholesterol of 240 mg. per 100 cubic centimters. 

Case 3. — I. F., a 48-year-old man, had a cardiac infarction. His serum cholesterol was 
500 mg. per 100 cubic centimeters. There were two siblings, both of whom had hypercholestero- 
lemia, the values being 435 mg. per 100 c.c. in a sister aged 46 years and 308 mg. per 100 c.c. in a 
brother aged 56 years. 

Case 8. — M. K., a man aged 43 years, had a cardiac infarction at the age of 41 years. His 
serum cholesterol was 327 mg. per 100 cubic centimeters. A brother had a cardiac infarction at 
the age of 32 years. His serum cholesterol was 318 mg. per 100 cubic centimeters. There were 
two sisters, aged 43 and 37 years, whose serum cholesterols were 320 and 263 mg. per 100 c.c., 
respectively. 

Case 1 1. — A 5 l-year-old woman had developed angina pectoris at the age of 49 years. There 
was xanthelasma of both upper lids. Her serum cholesterol was 362 mg. per 100 cubic centimeters. 
An only sibling, a sister aged 58, had xanthelasma since the age of 36 years. Her serum chol- 
esterol was also 362 mg. per 100 cubic centimeters. A daughter, 28 years of age whom we were 
unable to examine was stated to be developing xanthelasma also. 

Case 37. — B. R., a woman 34 years of age, had had hypertension and coronary sclerosis for 
three years. Her serum cholesterol was 336 mg. per 100 cubic centimeters. Her father had died 
of cardiac infarction and her mother had angina pectoris. There were four siblings, one of whom. 



Taiu.k I. Skkum Ciioi-KSTiiKOi, Liivici.s Among Siblings of Patiknts With Couonary Atui-;rosci.kkosis 


AMERICAN HEART JOURNAL 


•SOM 

-3 ? n 


c 

"f y ® 5 rt._ - 

W-i-’ ^ C .S ti 

rt 2 5 u £ " 
•3 r >>" rt s 9- 

: 5 SS|-E^i 

2 VC P G 

S c > P P p a 

JS fcjQ ^ ^ £4 

** c3 |- ^ « _i 

1/5 CO C*^ »-i 

te'5 M fcc t« bo a 

.S:s.S.£.S.E:^ 
3 '^15333 
3 3 wy53 


: tc^ 
S c u 

"o^ Si 


co-^-- 

o 

O P n 

gj jo 

P - tr. 5 


y lO 1j ^ 

o g 5 

£y5?i o 

rT P ^ ^ 


§■^3 

* v. 

- Co" " 

rto c5 

c P tc*S 
p: ? p'c 
X) 


o ^ 

CO 

rt 

co’ 


u rp 

t. ?-c 

^ 1) Q O 


»p; o 

»>; Iz. 


o^v T 

• ~ tn ,>. 

2 o 

P VJ 


^ rt ^ 

^ o i:: 

£:?= 5 

S^8 

'>j v: 

5 


c i_ ® 
CS CJ*^ 
P *p c 
“ rt £f 

bii'^ t-T 

c c a 

p: p-p 

3 tJ 


CO 

lO »o 


o CO 
00 ^ VO 
CS CO 


Cr^OO“i ooioO'^ooio 
^r4fN— H OcocorJ'OC'l 
CO CO CO CO CS CO CS CO CO 


lo CO uo oo rj* o 

CM 

00 o 


O 

to o o 

C O cvj CO CO 

CO O CM CM CM to 

O 

O i>- 

n- 

O 

CM O O 

T CO O 

“t CO CO CO 'r*« CO 

CO 

Tj* ro 


CM 

CO CO CO 

CO CM CM CO CM 


^ OOlOt^VO O-^lOOvOCM 
Zx ^ CO O — « o CO CM 

^ CO CM CO CO lo CO CO CO co co 


CMOOO CO O r^JOi"* OCM-i-too 

OlOOv »-< CO COco*^ vOco 

cococo lO CO CMC^CM CO'OCOCMCO 


i . . 

n: tCQ-^tL'^ra 

! '3 JUSt/> -i/iUJSa 


c/5 si vJcqS i^^_t/5^ca 
ja <; <’ hAcl U S < i-^>-A 


Cv •r*' 00 rvj CO -f 


f *0 CO ^ 


— to sO CM 


r*' r^-rf^iO vOt^OOCVO 
CM CM •«t‘ cd- rj* r*« lo 


BOAS ET AL. : HEREDITARY DISTURBANCE OF. CHOLESTEROL METABOLISM 


'X 

x 

C 

u 

o 

x 




u 

O 

a 




a 

rt 

C-M 

C 

X 

u 

rt 

o 

O 


be 

c 

"tn 


C/D 


= c 

C3 53 

■g & 

o rt p- 

X ^ 

S 

«.2 -‘c: 

X o C 


X 


c 

X ^ 


U 

y 
O- 

4-1 a ^ 

b P- ^2 

■3 w k'* rt c 

B >.-= ■& 

rt ^ -. c c 
_ god C3 rt 
£i C -44 C 

2 o - =-^ 

“015 JO 

o~ <y 

0.2 

wj 5 ‘.o c 

« Q rt 

o 2^5 

3 O 

E o " Jn*f^ 

-I re O S 

M L" t/j o -g 
c « c eJ:S 

-C O, in 

9 rt£ 

/3£i(C« 


2 

•o *bii 

5 5 

« re 

U1 2- 
3 re 

U — 
b re 
« o 

■o-= 

-I 

S c 

X.2 

rt *-* 
J= P 
- 5 


rt .- 
rt 

O ^ 
— rt 


a ^ 
Moo 
rt i/^ 

c3 o 
E ^ X 

- 1- 

^ y p 

M*5 W 

C rt ^ 

c- 

-O 

'c?5 


c 

y 


y 

c. 


y 

> 

rt 

X 

M 

C 


• c 
o 

X > 


g bD 

O..S 

cj2 

•I® 

c 


4J ^ 

o ^ 
^ y 

..E 

OO 

lO c 

rt y 

X 

d ^ 
o*C 
• r y 

W 4J 

y t- 




X 

c O S.s 


P w y •-• 

vw /•* r 7 


^ 2i 73 o 
^ y cj 


•i.2 


X o • — 


y 


d 

o y 


y 

_ u y ^ 

^ Cw d' 

'"b §>- 
rt-^ ° 

td S) o =[S 
ca'S g — 
o— c c 
M 5 o tn 

g 

2 g >:g’i5 

Cl 


y 

c. 


.y 

rt 


y 

X 

f3 




u 

rt 


o 

y 


X 


On 

rt- 

y 

5 M 


ri.2 

4-> 
C u 
O rt 

U~i 

y .E 

u 

rt y 
0-2 


O •-! 


0 2 

X 

rt . 

X y 


^ ^ o.*^ * 

^ rt S 

daCi, cn 


o 


c3 g 

U 

C C 

• 2 

> 5 £ 

: b3 tfl 

) _c _c 

33 

33 





X 


y 

c 


y 



o 

y 

M 

f3 ol 


ro 



d 


/v« rv. 


NO ooo * 

rf OJ ■rt' 04 rx- ru. 

04 Ol —-'CM 






O CM CO O 

"O rv< r«^ NO 04 o« 

CM 04 ^ 04 

o 

OJ 

rv- rv* fv» 




fO —I o* CO 

CO NO lO »0 NO 04 

OJ rM CM 04 OJ ^ 04 

rv-. CM 

OJ 

o 00 lo NO -t* to 

OOOC'. ^^to-t^OOsOrs- 
OJ Ol OJ 




OJ CO rJ- -r OJ 00 NO 

Ox CO O 

OJ OJ OJ OJ CM — < OJ 

o — 

00 - 
CM OJ 

rOO-tl^ONOrocM-fX^— • 
SO ^ ^ nO X'** NO — ^ *4^ NO NO 
CM CM CM OJ OJ CM CM CM Ol Ol 

208 

202 


o O lO NO NO o 
to OJ o lO Os to 

TO OJ fO ro ro -H rsi 

300 

357 

OOX^iOOrOOOOOOOCMCM 
O* -Tt* ON 04 ro 00 Os 
CM CM OJ CM OJ ro CM CM CM — ^ OJ 

NO 

•—4 

CM 

241 

0x^0--+ 

O On O NO 

CM CM 04 OJ 


'O 1C 
lO lO 

CNO«^NOr-IOv(^l-^OiOO IC 
ic <c -lO rooo^C'ivO'»-^'0 r>J 

re <C -rf re re CM re C'l r-j 04 C'l ro OJ 
00 re 
OJ re 


• ^ 


^ 3 



' .«d 


cad 



d 

S 33 U 

- bi 0-4 1 — 4 1 — »— ! ^ 

<ca 

d Ha ,3 3 < o re:,ai re:,d 

- 

d 

»-U C/} 

OtOOO-^OO-r^ri- 

ro 

OO— <0>^..<»^OfO'0(NrO 

NO 

ON 

C^ to CO CM 

■Ti< CM — ^ OJ CM ro ro 

CM ro 


ro 

ro 

▼H ro ro -Tt- 


CO 

re 

fC o »0 CM ^ 0\ 

te NO CM 04 Ov 

re OJ 04 rt< O) re — 
04 


o 

re 

re O -Jf O' 

- 04 00 lo NO 

O 04 CM CM 04 

re 

re 


,61 


*The first fifteen families listed are those in which hypercholesterolemia was present in all or most siblings. Tlio next nine families listed are those in 
which one-half the members exhibited hypercholesterolemia and one-half had normal serum cholesterol. The remaining twenty-six families are those in which 
there was no general tendency to hyporcholosterolemia, although an occasional sibling exhibited hypercholesterolemia, 
t ? indicates sibling unavailable for study. 
tSince there wore no living siblings, the children wore studied 
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a 40-Year-old man, had arcus senilis and a serum cholesterol of 357 niK- I)cr 100 cubic centimeters. 
The other siblings_had normal serum cholesterol values. 

Case 12.— B. S., a 56-year-oId woman, who had diabetes mellitus, hypertension, and angina 
pectoris for many years, suffered a cardiac infarction. She exhibited .xanthelasma. Her serum 
cholesterol was 518 mg. per 100 cubic centimeters. Her husband was stated to have xanthelasma 
also. Three of their four children had hypercholesterolemia, the values being 311, 326, and 368 mg. 
per 100 cubic cenOmeters. Two of tliem exhibited xanthelasma. The serum cholesterol of the 
fourth child was 246 mg. per 100 cubic centimeters. 

Case 24. — A. R., a man 36 j-cars of age, had a cardiac infarction at the age of 34 years and 
again at the age of 36 years. His serum cholesterol was 330 mg. per 100 cubic ceniimetcrs. 
His mother and father had both died of “heart attacks”; his brother had died of cardiac infarction 
at the age of 41 years. The serum cholesterol of a living sister, 45 years of age, was 296 mg, per 
100 cubic centimeters. 

Case 28. — H. A., a man 40 years of age, had a cardiac infarction. He exhibited marked arcus 
senilis and a serum cholesterol of 272 mg. per 100 cubic centimeters. His father had heart disease. 
There were five siblings, one of whom, aged 38 years, had arcus .senilis and a scrum cholesterol 
of 357 mg. per 100 cubic centimeters. Serum cholesterol values were normal among the re- 
maining siblings. 

Case 41. — S. D., a 47-year-old man, had a cardiac infarction. He exhibited marked arcus 
senilis. His serum cholesterol values were 333 and 350 mg. per 100 cubic centimeters. Although 
the serum cholesterol value was normal in all four siblings, one of them, aged 42 years, exhibited 
marked arcus senilis. 

The following case illustrates the gradual evolution of several manifestations 
of hj'percholesterolemia in a )-oung man ; 

Case 48. — A. S., a 3l-year-old man, was first seen in 1937 at the age of 24 years, three months 
after his father, aged 58, had died under observation of a coronary artery occlusion. In 1932, 
he had had "nervous indigestion,” and in 1934, symptoms of peptic ulcer although gastrointestinal 
x-ra 3 ' studies were normal. .About three months prior to his first e.xamination, while taking 
nitrous oxide for a tooth extraction, he experienced severe precordial pain with every heart beat, 
but had no residual pain or S 3 ’mptoms after the extraction. Two months later, a tooth was e.x- 
tracted under novocain anesthesia and he fainted three hours after the c.xtniction. Subsequenth' 
he felt very tense and nert'ous for a number of da 3 's. When first sceri, pln-sical e.xamination was 
completel 3 ' negative; the blood pressure was 130/90, The electrocardiogram showed a flat T 
wave in Lead I and negative T waves in Leads II and III. He had no significant cardiac s 3 'mptoms 
subsequentl 3 % but developed a severe ps 3 'choncurosis for which he received ps 3 'chiatric treatment. 
A year later, his only cardiac s 3 'mptoms were palpitation and occasional stabbing precordial 
pain. At this time the T wave in Lead II was flat, and the T wave in Lead HI still negative. He 
ad no significant symptoms until four years later, when he had a number of attacks of pre- 
cor lal pain radiating down the left arm. There was no change in the physical or elcctrocardio- 
grap ic findings. For the first time,, small .xanthelasmas were observed at the inner canthi of 
oti e 3 es. He was not seen again until the age of 31 vears, when he complained of sharp left 
parasternal pam and a sense of suffocation on walking rapidly and with e.xcitement. There was 
examination or in the electrocardiogram. There were large .xanthelasmas 
np ids and a beginning arcus>senilis. The serum cholesterol at this time was 350 mg. 

Viari p ^ ^ V. / ^ cholesterol esters, 250. His brother, aged 29 vears, was apparentlv well and 

had a serum cholesterol of 232 mg. per 100 cubic centimeters. - - - 


DISCUSSION 

The role of cholesterol in the production of atherosclerosis has been a matter 
n en ion since 1911, when Anitschkotv^^ produced lesions resembling human 
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atherosclerosis in rabbits by feeding them cholesterol dissolved in oil. Subse- 
quently, Leary^^'^” and many others confirmed these experiments, some of which 
were extended to include certain omnivorous, as well as herbivorous, animals. 
Similar lesions have been produced lately in dogs by modifying the activity of the 
thyroid gland during cholesterol feeding.*® Accompanying the atherosclerosis 
incident to feeding experimental animals large amounts of cholesterol, there 
appears a marked hypercholesterolemia. Because cholesterol feeding in man 
does not result in hypercholesterolemia, the significance of animal experiment 
has been questioned. However, feeding small amounts of cholesterol to rabbits 
over long periods will produce atheroma even though there is no elevation of 
serum cholesterol.*® Since absolute elevation of serum cholesterol is not a pre- 
requisite for experimental induction of atherosclerosis, other factors have been 
implicated, such as the rate of transport of cholesterol after its alimentary absorp- 
tion or inefficiency of cholesterol metabolism itself. An extreme point of view 
is taken by Thannhauser*® who believes that even primary essential xanthomatosis 
is not caused by a disorder of intermediary cholesterol metabolism, but that the 
metabolic disturbance of cholesterol lies within the reticular cells themselves. 
He states that hypercholesterolemia in itself does not cause the syndrome because 
xanthomas may develop while blood cholesterol is normal and cites as support the 
existence of a normocholesterolemic form of xanthomatosis. He believes that 
the development of atherosclerosis in patients with diabetic hyperlipemia is 
similar in pathogenesis to that produced in hypercholesterolemic rabbits, and 
contrasts it with the intrinsic formation of foam cells in xanthomatous tissue in 
primary essential xanthomatosis. He denies that pathologic hyperlipemia can 
be concerned in the development of atherosclerosis or atheromatosis in general. 
Against these conclusions may be posed the known fact that, in many different 
forms of lipoidoses and xanthomatoses, atherosclerosis is encountered almost 
exclusively in those associated with hypercholesterolemia, that is, in xanthelasma, 
xanthoma tuberosum and planum, tendon xanthoma, and in xanthomatous 
biliary cirrhosis. These are all associated with hypercholesterolemia at some stage 
of their developm'ent. Atheromatosis occurs early and extensively in diabetics 
with hyperlipemia and hypercholesterolemia; it occurs frequently in children 
with hypercholesterolemia due to nephrosis ; it occurs in patients with myxedema 
in whom blood cholesterol is elevated. Pathologic studies by Ashoff-® and Leary^* 
revealed foam cells indistinguishable from'xanthoma cells in early atherosclerotic 
lesions. For a comprehensive discussion of the problem of the pathogenesis 
of atherosclerosis and extensive bibliographies, the reviews by Hueper-- and 
Katz and Dauber-® should be consulted. 

• 

Regardless of the modus operand!, the clinical association of elevated serum 
cholesterol and atherosclerosis of - the coronary arteries revealed by previous 
studies* '-® and the present one would appear to be more than accidental. The 
occurrence of arcus senilis in young people with coronary, artery disease should 
probably, be regarded in the same light' too, and not as a sign of premature 
senescence. 
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The occurrence of elevated serum cholesterol in one-third of the families of 
patients with coronary atherosclerosis suggests that among the hereditary factors 
that predispose to arteriosclerotic heart disease, a disturbance of lipid metabolism 
may play as significant a part as either hypertension or an inherited peculiarity 
of the coronary artery intima."' A priori, one would not expect an hereditary 
abnormality to occur in all or most members of every family. The variations 
in the familial incidence of corollary atherosclerosis may be accounted for by the 
, degree of dilution or concentration of the tendency to abnormal cholesterol metab- 
olism. If only one marriage partner has hypercholesterolemia, the tendency 
to this disorder will be diluted and fewer children will be affected; if both have 
hypercholesterolemia, the tendency lyill be intensified.* Thus the scattered 
instances of hypercholesterolemia in our material may have more significance 
than appears on the surface. Quite similar trends are observ'ed in the hereditary 
distribution of diabetes mellitus. 

The burden^of a disturbed cholesterol metabolism may possibly be eased by 
dietary adjustment (low fat — low cholesterol diet), lecithin feeding, or other 
techniques such as the administration of thyroid substance and other com- 
pounds. By feeding lecithin to patients with hereditary .xanthomatosis, depres- 
sion of serum cholesterol may be obtained, especially when a cholesterol-poor^ 
diet is taken concomitantly.-^ This approach is promising and descr\'es further 
study. 

The role of the thyroid hormone in the pathogenesis of atherosclerosis has 
been carefully investigated and it is known that thyroid administered simul- 
taneously with cholesterol will prevent e.xperimental atheromatosis in rabbits.®® 
Conversel 3 ^ thyroidectomy enhances the ease with which hypercholesterolemia 
and atheroma may be induced by cholesterol feeding.®® Recently thiouracil has 
been administered to modify the function of the tliyroid gland of dogs fed choles- 
terol in oil. Lesions resembling human atherosclerosis and arteriosclerosis in 
distribution and morphologic characteristics followed the hypercholesterolemia 
thus produced.*® Davis and associates® investigated the 'basal metabolic rates 
of their patients Avith angina pectoris and hypercholesterolemia, but did not find 
any significant depression of thyroid function. Among their patients Avith 
coronary atherosclerosis, the aA^erage basal metabolic rate Avas minus 8 per cent, 
Avhile among a comparable group of normal indiAu'duals, the basal metabolic 
rate AA’^as minus 13 per cent. Lerman and White,*® on the other hand, in a recent 
study found Ioav basal metabolic rates in about one-half of their patients Avith 
coronary artery disease and hypercholesterolemia and belieA'ed that the admin- 
istration of thyroid substance benefited them. Further investigations in this 
direction are Avarranted. 

h^ntion should be made of potassium iodide and organic iodide AA’^hich, like 
t jroi su stance, prevent the development of experimental atheroma.®® Hoaa-- 
ever, t ey o not prevent hypercholesterolemia from dex'-eloping. Perhaps a 
resurrection o the study of iodine compounds in relation to the prevention of 
atherosclerosis is timely. 
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In any event, since hypercholesterolemia reflects a metabolic disturbance, 
effort might well be expended in modifying its influence on the vascular system 
much as one attempts to obviate the complications of diabetes mellitus by diet 
and insulin. A pharmacologic counterpart to insulin for the treatment of hyper- 
cholesterolemia is not beyond the realm of possibility. By \'igorously pursuing 
the various avenues of approach opened by the previously mentioned experiments, 
it may be possible to modify eventually one of the substrates of atherosclerosis 
and thereb}'’ reduce the incidence of coronary artery disease and death from 
cardiac infarction. 


SUMMARY 

Serum cholesterol was found to be elevated over 300 mg. per 100 c.c. in 
seventy-one members (58 per cent) of a group of 122 patients with proved coronar^^ 
atherosclerosis whose disease began under the age of 50 years. The average serum 
cholesterol for the entire group of 122 patients was 316 mg. per 100 c.c. (±7.49 
S.D.ni)- The average serum cholesterol for the seventy-one patients who 
exhibited hypercholesterolemia was 365 mg. per 100 c.c., and the average among 
the remaining fifty-one patients was 250 mg. per 100 cubic centimeters. Arcus 
senilis was exhibited by twenty-two, xanthelasma by twelve, and xanthomatosis 
by three of the group. The great majority with these stigmata had elevated 
serum cholesterol levels. 

Hypercholesterolemia (serum cholesterol of 300 mg. per 100 c.c. or more) 
was found in all or most of the siblings of one-third of fifty families of patients 
with coronary atherosclerosis. In nine more families, one-half of the siblings 
exhibited hypercholesterolemia. 

This study lends support to previous clinical investigations and indicates 
that a disturbance in cholesterol metabolism is probably concerned in the genesis 
of some instances of coronary atherosclerosis. It also suggests that altered 
cholesterol metabolism may be the common denominator in most patients who 
have coronary artery disease and arcus senilis, or coronary artery disease and 
xanthelasma. 

One of the hereditary factors responsible for arteriosclerotic heart disease 
may reside in abnormal cholesterol metabolism. Since therapeutic measures for 
correcting this metabolic disturbance may reasonably be anticipated, further 
investigations paralleling the present one are desirable. 

Technical help was given by Mrs. Katharina Newerly, Miss Alice P. Maurer, and Mrs. 
Beatrice P. Ferber. 
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PRIMARY VASCULAR TUMORS OF THE PERICARDIUM 

A Report of Two Cases 

Morris Greenberg, M.D., and Alfred Angrist, M.D. 

New York, N. Y.* 

P RIMARY pericardial tumors are distinctly rare. YateU and Monckeberg- 
noted that they are usually sarcoma or lipoma. Much of the literature of 
the pericardial tumors deals with the group of problematical serosal endotheliomas 
or mesotheliomas. We wish to limit our .discussion to a study of the vascular 
tumors of the pericardium. We are omitting all other tumors, including the con- 
troversial mesothelial group. To simplify this presentation further, we wish to 
e.xclude such vascular tumors as occur in portions of the heart other than the 
pericardium. Chronic inflammation with pseudoglandular spaces or prominent 
vascular channels in granulation tissue or in organization of blood clot, such as 
occurs so often in auricular thrombi, do not apply to the two instances reported 
here. 


PRESENTATION OF CASES 

Case 1. — ^The first case is one of benign cavernous angioma noted as an in- 
cidental finding in a patient who died of peritonitis following an operation for ' 
adenocarcinoma of the cecum. 

This tumor was 1.0 cm. in diameter and presented itself as a localized deep- 
red discoloration in the epicardium of the left ventricle in the sulcus between 
the latter and the left auricle. The mass on section measured 1.0 by 0.25 centi- 
meters. It was soft and sho\ved some fine septa. It is significant that this pa- 
tient also showed an identical cavernous angioma in the liver and an incidental 
leiomyoma of the kidney capsule extending into the kidney. 

Microscopically, the tumor, sharply demarcated from surrounding fat tis- 
sue, consisted of large, thin-walled cavernous spaces filled with blood clot. Some 
of the channels showed thrombi. No reaction was noted in the pericardium. 

Disctission: Tumors of this type in the pericardium have been described by 
Lefas,® Timme,^ and Bencini.® Bencini described two cases, but he classified one 
as a pseudoangioma. He also mentioned a case described by Pommer as a 
complex vascular tumor which was called an angiofibroleiomyoma. This is of 
interest because it implies an origin from an embryonal rest. Bencini also quoted 
a case of Von Hoch, called a venous angioma, which he found mentioned by 
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Monckeberg." The case of Redtenbacker® may represent a malignant metastasiz- 
ing cavernous angioma of the, pericardium. The gross descripfion of the primary- 
lesion of the pericardium and the metastasis to the lungs definitely suggests a 
cavernous structure. The absence of a microscopic description makes it difficult 
to rule out a proliferating endothelial component of the neoplasm. 

Tumors of this cavernous type are found elsewhere in the heart. Schuster' 
presented a tumor 2.5 by 1.5 cm. in a papillary muscle. Train® de.scribed a 
cavernous angioma, which reached the size of a hazel nut, in the interventricular 
septum. Muir® referred to a tumor “of considerable size in the upper margin of the 
right ventricle.” Raffi® reported a collection of ten cavernous channels in the 
region of the fossa ovalis. The authors have encountered several varixlike lesions 
of this type in this location. 

The cases of Timme and Bencini, like our own, were incidental findings. In 
the patient of Lefas, death occurred suddenly' because of the rupture of one of 
the vascular channels with bleeding into the pericardial cavity' and cardiac tam- 
ponade. Bleeding may occur slowly, with a more prolonged period of symptoms. 
The case of Redtenbacker was of this nature with a prolonged period of pro- 
gressive decompensation and venous engorgement. 

Case 2. — ^The second case is that of a progressive invasive cellular angio- 
endothelioma with hemorrhage. A very' similar instance was reported by' Schei- 
degger“ and the case of Redtenbacker may well represent another example. 
The gross features of both these instances are remarkably- identical with the 
case we are presenting. Because of the significant clinical features, the history 
of this case is given in detail. 

D. De J., a 27-year-old athletic white man, noted vague weakness during strenuous tennis 
matches. On several recent occasions, he ‘‘could not catch his breath." Such an episode occurred 
on May 6, 1942, and that night he noted pain in the stomach. He then became nauseated and 
vomited. His family physician found an enlarged heart and consulted with Dr. Daniel Porte,* 
a cardiologist. Physicial examination at this time revealed no heart murmurs; a split sound at 
the apex; the aortic second sound louder than the pulmonic second sound; blood pressure, 108/76; 
and weight, 170J4 pounds. The electrocardiogram was not unusual (Fig. 1,^4). The heart was 
enlarged to the right and left on fluoroscopy. On July 14, 1942, he was admitted to the hospital 
complaining of constricting and choking sensations in the throat. He ran a septic temperature 
varj'ing from 99° to 103° Fahrenheit. Electrocardiographic e.xamination on July- IS, 1942, showed 
inverted T waves in Leads I and H and a small R wave in Lead CF IV (Fig. 1,B). On July 24, 
1942, engorged neck vessels, puffy face, prominent chest veins, distant heart sounds, and a blood 
pressure of 114/88 were noted. Roentgenographic examination showed moderate increase in the 
size of the rardiac area, the cardiac measurements being: medium right diameter, 6.5 cm.; me- 
dium.left diameter, 3.0 cm.; and the width at the base of the chest, 34.0 centimeters. Diffuse 
c ouding was seen in the cephalic half of the left lung field, with the most marked density' located 
rentra y. The remainder of the lung field was clear but the lung markings were e.\aggerated. 

^ ^ productive of bright red sputum developed. Pulmonary infarction and 

pericar la effusion were suspected. On Aug. 3, 1942, a second roentgenograph showed no change 
m size or contour of the enlarged heart, approximately- 75 per cent resolution of the area in the 
e upper o^ e, and a trace of pleural fluid at the left base (Fig. 2). Both thoracentesis and peri- 
car locentesis were dry. Blood cultures w-ere negative. The sedimentation rate was 9.0 mut. 


*We are indebted to Dr. Porte for the clinical details of this case. 
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Fig. 1 . — Electrocardiogram taken 130 days before death, marked at left is not unusual: one made 
seventy-three days later, at right marked B, shows inverted T waves, Leads I and II, and small R 
wave in CF 4 . 

at the end of one hour. The blood count showed 3.57 million erythrocytes and 7,900 leucocytes 
per c.mm.; of the latter, 55 per cent were polymorphonuclear leucocytes and 45 per cent, lym- 
phocytes. Thp hemoglobin content of the blood was 71 per cent. 

He left the hospital Aug. 24, 1942. A downhill course followed and he expired Sept. 3, 1942. 

Pathologic Findings: Autopsy revealed the pertinent pathologic findings to be limited to 
the heart. In addition, the deceased showed a moderate ascites, bilateral hydrothorax, marked 
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passive congestion of liver suggesting cardiac cirrhosis, multiple pulmonary infarcts, and a left 
axillary vein thrombus. No metastasis to other organs was found. 

The heart, massively enlarged and adherent to the surrounding structures, measured 21 by 15 
by 1 1 cm. (Fig. 3). The pericardial cavity was completely obliterated by thin, yet firm, adhesions. 
The parietal pericardium was stripped with difficulty from the visceral layer, but a distinct line of 
cleavage was maintained. It is significant that no" free blood or organized clot was found within 
the obliterated potential cavity. 

The variation in hue and consistency of the mass that thickened the epicardium and dis- 
torted the contour of the heart and its chambers was so marked as to make any attempt at local- 
ized description serv'e no useful purpose. Much of the distorting mass was frankly blood clot. 
In general, the large locules and cystic areas were found filled with such blood clot. Other areas 
showed rounded fibrin masses bearing a relationship to encircling paler trabeculae of fibrous or 
fibrin septae. In some zones, a spongy, porous character was noted in the tissue. In others, 
granular and hemogeneous inspissated fibrin material was suggested. In still other areas, a 
firm consistency and a friable pale granular tissue suggested compact cellular tumor islands. 
The latter zones were indefinitely demarcated and accounted for only a small portion of the dis- 
torted, discolored epicardial mass seen grossly. 

W hen the parietal pericardium was stripped, the heart muscle was found encased in an en- 
circling bloody, discolored, tumefied vdsceral pericardium. This hemorrhagic mass involved most 
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Fig. 3. — Posterior aspect of heart. A to B, auriculoventricular groove with traiissection just to 
one side of the interventricular septum. Compression of superior vena cava by tumor at C with right 
auricle and inferior vena cava e.Nposed below. 


of the visceral serosal coat, penetrating here and there to the adherent parietal layer, particularly 
toward the apex. The heart itself was distorted, rounded, and globular in shape. The outlines 
of the heart chambers were sharply demarcated externally by depressed grooves (Fig. 3). The 
entire outer surface was red. A preserved visceral pericardial serosa could be made out except 
where the denuded surface had been torn in the separation of the parietal layer. 

In general, the most marked distortion was found at the base. Here the hemorrhagic, tumor- 
like material encircled and distorted the entire posterior wall of the right auricle markedly, and 
of the left, to a lesser degree. It compressed and narrowed the mouths of the vena cava (Fig. 
3,C) and the pulmonary veins, encircling the aorta and the pulmonary artery in the form of a 
thick layer on the posterior aspect (Fig. 4). These hemorrhagic zones merged with a 
similar area of involvement on the posterior aspect of the right and left ventricles. Anteriorly, 
the auriculoventricular groove on the right side was preserved and even exaggerated. Above 
the groove, the tumor thickening measured fully 5.0 cm. in the region of the auricles. Below the 
the groove, the distorted epicardium overlying the left ventricle measured 3.5 to 4 cm. (Fig. 
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irig. .}. — I’oslf.roiinU'rlor sccUou tUrou>.'U the left vciurWi' ninl n<irta. thi‘ rU'ln cr.ronso 

osllum and cutting across tlic inilinonary artery. A! .1, tlie arrow.- ftoints to tli*" I<‘ft li.alf of th<' risht 
coronary ostium. Tlio proiw Is inserted Into tlie rlRlit coronary nrterj". if sluiw.* tlie left scntrlcle 
and C. the auriculoveiitrlcular croove. The eidcardlmn of tiie h-ft auric)*' at>*.ive l** niarhi-eily Insolvtsl. 


4,i5). 'I'lie cpicardiuin .alons the aiiricnloventricular ijroove |iro|X-f tnc.t'-iirrfl only 0.5 cm. in 
lhicknc.ss (Fig. 4,C). 

The hemorrhagic material at tlic hast- of the heart e.vtemleil to iiivoK'e the Ktse of the aurt.i 
where it wa.s 3.0 to 5.0 cm. in thickness and was sharp!)' delimitctl by the line of reflection of the 
parietal pericardium. The basilar involvement also completely ennrcled the pttlniOttary artery, 
beginning just above the level of the pulmonary valves. Here it measured 3.0 to 5.0 cm. in thick- 
ness. At this point, the tumor mass seemed to extend bcyoml the jx'rintrdi.'d reflect ion to the 
parietal layer proper for a short di.stance. 

In the region of the vcntricle.s, the tumor was defmilel)- thinner as romiured to the auricular 
or basilar involvement (Fig. 4.B). Tlie right ventricle was involved j) 0 ?tcrior!)' atid laterally 
where the tumor was quite thick again, measuring 4.0 to 5.0 cm. in some areas. The chamlH-r of 
the right ventricle had its contour distorted by the inward bulging of the tumor. .Anteriorly, the 
epicardium of the pulmonary conus adjacent to the right ventricle and tlie most proximal pul- 
monary artery was least involved. 'I'he cpictirditim here measured only 5,0 mitt, in tlticknc-ss 
(Fig. 4,C) and showed serous edema of the fat. The left ventricle showed marked distortion by 
the encircling reddish tumor mass (Fig. 4,7J) except anteriorly, where again less distortion existed. 
I his relatively uninvolvcd zone of left ventricular cpicardiunt iitcludcfl the apex and basilar 
portion of the veittricle adjacent to the anteriorly placed uninvolved right ventricle and pul- 
monary conus already described. 

Ihe myocardium throughout showed no evidence of inva.sion by the tumor tissue grossly, 
but the heart wall seemed stiflened and less pliable. The muscle of the left ventricle measured 
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15 to 16 nim. in thickness. The chambers seemed small in proportion, especially those of the 
ventricles. The tumor at the base of the heart encircled and compressed the mouth of the right 
coronary artery (Fig. 4, A). The rest of the coronary arteries and the coronary sinus showed no 
alteration. 

The appearance definitely indicated that the tumor was not in the pericardium but in the 
visceral layer, and limited to this zone except for relatively small areas of extension to the regional 
myocardium and the parietal pericardium. The stripped parietal pericardium was slightly thick- 
cried throughout, and presented sharply delimited areas of thickening which appeared as red 
protrusions. There were more than a dozen such protrusions, varying in size from 0.5 to 1.0 cm. 
in diameter. On section, they were found to be lobulated and porous and contained clotted blood. 
Other protuberant nodules were made up of firm, granular white tissue and suggested altered 
fibrin, compact cellular zones of vascularization, or solid zones of tumor tissue. The nodules could 
be separated from the parietal pericardium with difficulty through a cleavage plane corresponding 
to the original serosal layer of the pericardium, leaving rounded pitted depressions covered by ad- 
herent hemorrhagic material. Both visceral and parietal pericardium on their opposed surfaces 
showed a brownish staining produced by a fine granular film suggesting fibrin. 

Microscopic Descriplioiv. The microscopic sections taken tiiroughout the mass were stained 
by hematoxylin and eosin, Mallory’s phosphotungstic acid, and van Gieson and Alallory’s con- 
nective tissue stains. In many sections only blood clot could be made out. Some of the clot 
showed mainly fibrin with hemolysis of the red cells and distinct lamellation. Other areas showed 
fresh nonlamellated clot. Much of the trabcculation referred to in the gross description repre- 
sented septa of older fibrin contrasted with fresh red blood coagulum. Some of the septa were 
fibrous. Much of the blood clot was found within dilated cavernous channels lined by hyper- 
trophic and hypcrchromatic smali-cellcd tumor tissue. In some areas, the fibrous septa were 
lined by a single layer of such cells. The living tumor tissue of the cavernous channels showed 
zones of heaped-up, proliferating, compact cellular tumor, which protruded as a nubbin into the 
enclosed blood clot. There was nowhere seen a true papillation with delimited papillary epithelial- 
like tissue. The papillary masses were revealed as heaped-up cellular areas of tumor tissue with- 
out any coherent histologic organization. Compact cellular zones of tumor tissue were seen in 
small foci and suggested the complete filling of previously existing cavernous channels, with little 
blood clot present. 

The c>tolog\' of the tumor tissue was also variable. In the main, the tissue suggested a 
sarcoma. Only the nuclei were discernible in most of the tumor, with the cytoplasm indefinitely 
outlined, indeterminate, scant, and often suggesting a syncytium. The linear outline and shape of 
the nuclei varied markedly. Most of the chromatin was found in the nuclear membrane, which 
appeared as a uniformly sharp line. The remainder of the nuclei showed relatively small nucleoli 
and only small flecks of chromatin. This gave the nucleus a vesicular appearance, despite evident 
hyperchromatism. Some tumor cells were rounded, with limited borders and deep staining eosin- 
ophilic cytoplasm. No bizzare pleomorphism or atypical giant cells were found. 

In some zones, smaller but definite tumor-lined vascular channels (Fig. 5) were filled with 
red blood cells or clot of a post-mortem character. Such areas merged with others where a distinct 
resemblance to granulation tissue was evident. Some of the capillary buds merged with solid 
columns of tumor cells, with the demonstrable central vacuolization suggesting an actual em- 
bryonic process of capillary channel formation. All of these zones of formative vascular channels 
merged with compact cellular diffuse tumor-cell areas. 

In the region of the left ventricle, the tumor tissue was cellular and solid and invaded the 
underlying myocardium, in several sections, but only for short distances. The involved muscle 
showed atrophy. The living capillary endothelium between the muscle bundles showed pro- 
gressive changes of transition to tumor tissue. In the regions of the left auricle, toward the apex, 
and on the masses found on the stripped parietal pericardium, the tumor showed a prominent 
cavernous structure with little tumor tissue, which was limited to the lining of such channels. 
'I'he tumor overlying the right auricle showed outstanding celluiarity. The cellular tissue here 
pre.scntcd the most marked anaplasia, with irregularity in the contour and staining of the nuclei. 
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Fig. 5.— II & E micropliotograph. \-:J75, of tumor tissue in epicnrtlium whicli Oeinoiistralcs llie 
tendency to form vascular spaces and solid masses of cellular t issue showing elongated ve.sicular nuclei 
with prominent nucleoli. 
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No hematopoietic tissue was cncoutiterecJ in any of the capillary areas or larger lumina or in the 
more cellular zones. 

The lungs showed an ana of infarction undergoing resolution and organization. In the re- 
maining lung tissue, there was some fibrosis with prominent heart failure cells and some vascular 
sclerosis. Adherent fibrin coated the pleura. The liver showed some edema and marked congestion 
but no true cirrhosis. 

Discussion of Case 2: The case of Scheidegger^i presented gross and micro- 
scopic features quite similar to this case. His tumor, however, metastasized to 
the mediastinal lymph nodes, the liver, the lung, and particularly to the pleura. 
One metastatic focus involved a pre-existing cavernoma of the liver. There is 
special significance to the localization of this metastasis. Such metastasis to 
cavernomas has been frequently found by us in many forms of malignancy. The 
case of Redtenbacker also showed metastasis to the lung, particularly the edges 
of the lower lobes. As noted, the inadequacy of the descriptive detail makes the 
exact classification of this tumor difficult. It is quite possible, in view of the 
metastasis present, that solid endothelial proliferative areas could have been 
seen on microscopic study. An endothelioma of the pericardium of serosal cell 
origin was described by Hines and Nolan.’- Their description, however, noted 
vascular channels with blood content, and the possibility of a vascular endo- 
thelioma must be entertained. 


DISCUSSION 

Tumors of this structure have been described as occurring in other parts 
of the heart. Such angioendotheliomas or angiosarcomas have been noted most 
often as originating from the auricular wall, particularly from that of the right 
auricle. There exists an abundant literature dealing with the problem of dif- 
ferentiation of these tumors from true my.\omas and vascularized organized 
thrombi. It is our own conviction that many reported cases of angioendothelio- 
mas of the heart represent instances of vascularization of thrombi, rather than 
true neoplastic blood vessel proliferations or aggressive endothelial tumors. 
However, there are instances in the literature of metastatic foci which seem to 
confirm biologically the morphologic appearance of true malignant neoplasia 
for some of the reported cases. 

Orsos’^ attempted a classification of the vascular tumors and described 
tumors of this type with very similar histologic features as gemmangiomas. 
None of his eleven cases involved a pericardial neoplasm. 

From the standpoint of the origin of these tumors, the finding of coexisting 
angiomas elsewhere deserves consideration. The first case showed a cavernoma 
of the liver and a leiomyoma of the kidney. In the case of Scheidegger, several 
vascular cavernous angiomas were found in the liver. Redtenbacker described 
a papilliferous pigmented nevus of the skin on the shoulder. His description 
does not favor a vascular type of nevus. The thought is a compelling one that 
these tumors represent vascular anomalies or may originate from pre-existing 
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iievi or vascular rests. Such islands, or rests, in the pericardium may acquire 
progressive active growth features and metastasize much as the ordinary malig- 
nant skin angiomas are known to do. We do not mean to imply that the malig- 
nant angioendotheliomas originate from the cavernous structures. It is our 
impression, rather, that they represent two independent entities. The capillary 
nevi, in general, are known to become aggressive more often and probably origi- 
nate from a nevus rest which has a capillary structure at the outset. Cavernous 
angiomas are considered hamartomas and rarely present metastasis or progres- 
sive growth in the ordinary sense. An occasional cavernoma will metastasize to 
lung or lymph nodes, as in the cases depicted by Ewing.^'* The case of Redten- 
backer may well represent such a metastasizing malignant form of cavernous 
angioma originating in the pericardium. 

Mahaim’®. considers this neoplasm, at least in its counterpart described by 
Scheidegger, as a “very vascular coelotheliome." His classification which 
grouped the malignant pericardial tumors under the general heading of “malig- 
nant coelotheliome,” though quite satisfactory clinically, represents an over- 
simplification from the pathologic standpoint. 

Yater attempted a delineation of a clinical picture for tumors of the peri- 
cardium. It would seem that the clinical picture can present such marked vari- 
ations that the proposed isolation of a specific clinical entity is of doubtful assist- 
ance. The clinical course will depend upon the proportion of hemorrhage in the 
tumor mass and its rapidity of occurrence, as well as the presence or absence of 
an obliterated pericardial cavity. In some of the cavernous tumors a rapid tam- 
ponade causes sudden death, as in the case of Lefas. In the cases of Scheidegger 
and Redteribacker, an increasing decompensation with vena caval compression 
was slowly progressive, with sufficient time for metastasis to occur. In the 
second case presented here the course was rapidly progressive and death occurred 
before metastasis had taken place. If a previously healthy individual shows, 
without known cause, a rapid evolution of the symptoms of decompensation and 
an enlarged cardiac shadow, a pericardial tumor should be considered. 


CONCLUSION 

1. '.A cavernous angioma of the pericardium and a case of a progressive 
malignant angioendothelioma of the pericardium have been presented. 

2. The literature dealing with pericardial vascular tumors has been re- 
viewed and only three definite cases of the cavernous form and two specific in- 
stances, of malignant angioendotheliomas were found. 

^ 3. The possible origin of such tumors has been discussed. 

4. The variation in the clinical course has been analyzed. 
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SUDDEN AND UNEXPECTED NATURAL DEATH 

IL Coronary Artery Sclerosis 

S. Milton Rabson, M.D., Fort Wayne, Ind., and 
Milton Helpern, M.D., New York, N. Y. 

T his is the second in a series of papers on sudden and unexpected natural 
death, verified at necropsy, in 2,030 consecutive cases in the Office of the 
Chief Medical Examiner, New York City, for the Borough of Manhattan. In 
the first paper,^ a survey was made of the circumstances under which the Medical 
Examiner assumes jurisdiction, of the various pathologic conditions encountered, 
and of the sex, age, and racial distribution of the cases under consideration. 
That survey may be briefly summarized. 

The 2,030 cases were observed during the period from Jan. 1, 1937, to June 30, 
1943- death was unexpected in that the victims were apparently healthy at the 
time of death, and sudden because death took place usually within twenty-four 
hours after the onset of symptoms. The designation “natural death” indicates 
that death resulted exclusively from disease unassociated with external violence 
or poisoning. 

The material was gathered from a community the population of which is 
made up of all races and includes relatively many adults. The Census Bureau 
records a total population, in 1940 in Manhattan, of almost 1,900,000, of which 
51 per cent were women; the same sex distribution holds true for the 1,580,000 
white persons. Among the 298,000 Negroes, women totaled over 55 per cent, 
but for the other races, largely Asiatic, there were but 2,186 (15.6 per cent) 
women compared with 11,748 men. The preponderance of adults in the popula- 
tion is striking; slightly more than three-fourths of all persons on Manhattan 
Island were over 21 years of age. When it is recalled that at any given time 
New York City normally has about 500,000 visitors, most of whom are adults, 
and that the majority of them spend their time in Manhattan, the reservoir 
from which material for this study was collected is overwhelmingly composed of 
mature individuals. Also, during the working day, many adults from the 
other four boroughs of the city and from suburban communities add to the 
fixed population of Manhattan. 

Diseases of the heart and aorta were first among the causes of death (45 
per cent), and were succeeded, in order, by diseases of the respiratory tract 
(23 per cent), nervous system (18 per cent), digestive organs (6.2 per cent), 
urinary tract (almost 2 per cent), and genital apparatus (1.3 per cent). A 
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miscellaneous group accounted for 4.4 per cent of the deaths, of which three- 
fifths, during the period under discussion, represented estivo-autumnal rnalaria 
in drug addicts. 

The role of coronary arteriosclerosis in this galaxy is best illustrated and 
emphasized by the fact that in almost one-third (30.4 per cent) of the entire series 
of 2,030 cases death was caused by that disease. There is much misunderstanding 
of the symptomatology and manner of death, in relation to the fatal lesions in 
this disease, which has been responsible for medicolegal confusion. Responsi- 
bility for the misunderstanding may be attributed in part to the lack of appro- 
priate data from medicolegal authorities; a share in the culpability belongs to 
those clinicians who attempt to evaluate coronary artery disease, where there 
have been no premortem symptoms, on the basis of experience with the more 
common examples encountered in office and hospital practice. Pathologists 
are not without blame, for, like clinicians, they also have too readily analyzed 
their material with criteria gained from autopsies of patients dying after days 
or weeks in the hospital. It cannot be overemphasized that the problems con- 
fronting the medical examiner in sudden and unexpected natural death, of what- 
ever cause, require standards of evaluation with which the clinician and hospital 
pathologist are not familiar. Any attempt by the latter to substitute their 
experience for that of the medical examiner may lead to erroneous conclusions, 
especially important when testimony is offered in both criminal and civil actions, 
and serve to confuse and mislead their legal confreres. 

Before presenting the data on coronary artery sclerosis and the conclusions 
drawn from their study, it should be pointed out that the finding of a severe 
grade of sclerosis of the coronary arteries does not, per se, mean that such disease 
is the cause of death. Death should not be attributed to diseases of the coronary 
arteries without a complete study of the circumstances and a full autopsy, in- 
cluding examination of the brain, and, where necessary, chemical examination of 
organs. In the absence of significant changes in organs other than the heart, 
with chemical findings unrelated to the death, and with a review of the manner 
of death (not always available), death may be ascribed to coronary artery 
disease when such disease is present and in adequate degree. Failure to observe 
all these criteria will result only in mistaken diagnoses. 

The only work now available on coronary artery disease as a cause of sudden 
and unexpected death in a comparable large urban civilian population is that of 
Hallermann,^ whose monograph appeared in 1939. During a five-year-period 
(1931 to 1935) at the Berlin Institute for Legal and Social Medicine, there were 
6,481 necropsies in the noncriminal (“aussergerichtlich”) category. Omitting 
ninety-eight cases of syphilitic mesaortitis with coronary ostial obstruction and 
- four of coronary embolism, there were 681 instances of coronary artery sclerosis, 
including its complications and sequelae; an incidence of 10.5 per cent of the entire 
materiah This represents a superficially marked deviation from the 30.4 per 
cent (617 cases) in our total material of 2,030 autopsied cases. The discrepancy 
ma\ be explained in part by several facts. First, Hallermann’s cases were 
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gathered from all of Berlin, the population of which undoubtedly included 
relatively more persons under 21 years of age than does that of Manhattan. 
Second, more necropsies may have been performed in the noncoronary-disease 
age groups. Third, factors militating against the necropsy in American cities 
are, generally speaking, absent in Central European communities. The institu- 
tion of the autopsy has been widely accepted abroad, and legal requirements 
facilitate greater ease in its performance; the advent of the Hitler regime during 
the period of Hallermann’s study probably made popular objection to any action 
by the authorities, even in medicolegal matters, less articulate. Finally, since 
it is not so stated, the Berlin total of 6,481 autopsies probably included those 
conditions specifically left out of this study (alcoholism, drug addiction, and so 
forth). 

The two studies do coincide, however, when deaths from coronary artery 
sclerosis are compared with those from all heart and vascular diseases. The 
New York figures are 617 of 912 cases, or 67.7 per cent, while those of Berlin- 
are 681 of 1,028, or 66.3 per cent. 

Coronary artery disease as a cause of sudden death is almost exclusively a 
malady of white men ; only 6 per cent (thirty-six cases) of the subjects were 
women and these were only of the white race. A single Asiatic and twenty- 
three Negroes (3.7 per cent) were found among the male subjects, thus making 
the white male contribution to coronary artery sclerosis slightly more than 
90 per cent. There is a striking disparity between the 3.7 per cent of male Negro 
cases and the 14.5 per cent representing the proportion of the male population 
which they formed. The discrepancy remains great even if all of the visitors to 
Manhattan are considered as white, and as men, thus reducing the Negro male 
population to 9.4 per cent. Lest it be thought that there is a relative immunity 
of Negroes to sudden and unexpected death from cardiac disease, it may be pointed 
out that, of the forty-six cases of death attributed to obstruction of the coronary 
ostia in syphilitic aortitis, eighteen (39 per cent) or two and one-half times the 
expected percentage, were Negroes. Syphilitic aortitis, however, does not come 
within the scope of this paper. 

Hallermann’s report does not include racial analysis of his material ;* even 
before Hitler’s advent to power, the Berlin population was composed almost 
exclusively of white persons. There is, however, a marked difference in the sex 
composition of the cases in the Berlin monograph and those reported here. In 
the former, almost one-fourth of the cases of coronary artery sclerosis are women, 
- while the New York group has but 6 per cent. Unfortunately, Hallermann 
does not give any indication as to the distribution and composition of all cases of 
sudden and unexpected natural death, so that comparisons are difficult. The 
two cities do resemble each other in that those engaged in the more -humble 
occupations contribute much of the material in the category under investigation. 

How do the various age groups stand out in the apportionment of coronary 
artery disease? The following figures deal only with white men, who, as already 
stated, make up 90 per cent of the cases in this classification. Grouping is 
by half decades (Fig. 1), with no cases found in persons 19 years of age or under. 
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As may be expected, the two half decades between 20 and 29 years provide but a 
fraction, 0.1 and 0.2 per cent, as compared with 3.3 and 4.3 per cent, the propor- 
tion of the Avhite male population furnished by this age group. The next half 
decade, 30, to 34'years, still lags, but to a lesser degree; 0.7 per cent contrasted 
with its 4.5 per cent of male inhabitants. From 35 years of age onward, each 
group provides a greater contribution in proportion to its share of the population ; 
thuSr the age group 35 to 39 years provides 1.8 per cent as contrasted with 4.9 
per cent of the population in this age range; 40 to 44 years provides 2.9 per cent, 
as compared with 4.8 per cent. From 45 years onward, each half decade con- 
tributes a greater percentage of sudden deaths than its share; 45 to 49 years pro- 
vides 4.3 per cent as compared with 4.2 per cent of population; 50 to 54 years 
contributes 5.7 per cent compared with 3.7 per cent; 55 to 59 years, 4.5 per cent 
compared wth 2.7 per cent; 60 to 64 years, 3.6 per cent compared with 2.0 per 
cent; 65 to 69 years, 2.6 per cent compared with 1.3 per cent population; 70 to 74 
years, 1.2 per cent compared with 0.8 per cent; the group above 75 years con- 
tributes 0.6 per cent, equaling their percentage of the population. Thus, in 
this autopsied series, the incidence of coronary artery disease as a cause of sudden 
death in white men reaches a peak between 50 and 54 years and then gradually 
falls, its percentage remaining in excess of the percentage of the population that 
this age group furnishes. In summary, it can be stated that the thirty years 
between 44 and 74 have one and one-half times as many cases of sudden and 
unexpected death from coronary artery sclerosis and its complications and sequelae 
as would be expected from their contribution to the population. 

It is difficult to compare Berlin with Manhattan Island in the age distribu- 
tion of the cases. First, Hallermann’s monograph does not include an age analysis 
of Berlin’s population. Second, he does not give statistical data for all types of 
coronary artery sclerosis (thrombotic, nonthrombotic, with or without infarction, 
and so forth); he describes sclerosis, with or without old occlusion, and fibrosis 
of the myocardium for the period in question (1931 to 1935). As an appendix, 
Hallermann does give a brief summary of additional cases for 1936 to 1938. 
During these three years, the fourth to the si.xth years under Nazi rule, there 
were about one-third more sudden and unexpected natural deaths from cardio- 
vascular disease than during the preceding -five years (two years under the Weimar 
Republic and three years under Hitler). The cases of coronary artery disease 
represented 66.3 per cent of cardiovascular deaths in the earlier, and almost the 
same proportion (62.5 per cent) in the later period, almost exactly corresponding 
to the New York values, as has already been noted. If a comparison is made of 
male deaths in New York with those in Berlin for the later period (1936 to 1938), 
there is a general trend toward higher values in the earlier age groups in New 
York; for example, 8.9 per cent as compared with 3.0 per cent in the fourth decade. 
The disparity-sinks to 2:1 for the fifth decade, and practically disappears for the 
ages of 50 to 60 years. The, two cities are virtually similar for the ages of 60 to 
70 years, but for the next decade Berlin has, twice the contribution of New York. 

Of the 617 instances of coronary artery sclerosis, almost three-fourths 
(73.3, per cent) had no grossly demonstrable associated fresh thrombosis of the 
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vessels. This approxiinales the 95.3 and 80.2 per cent of the two Berlin periods. 
In most cases, atheromatosis with or without calcification had produced significant 
diminution of luminal caliber, so that, physiologically as well as anatomically, 
the effect was not different from that of old thrombosis. It should not be forgotten 
that functionally a narrowed sclerotic vessel, even without complete occlusion 
of the passage, may be inadequate in furnishing a satisfactory blood supply to the 
myocardium. From the statistical viewpoint, therefore, sudden unexpected 
natural death from coronary artery disease is best recorded simply as “coronary 
artery sclerosis.” 

Nonthrombotic sclerosis was free of fibrosis in 45 per cent and was associated 
with fibrosis in only 50 per cent, while infarction occurred in only 5 per cent. The 
Berlin statistics differ sharply from these values, since nonthrombotic sclerosis 
was associated with myocardial fibrosis in over 80 per cent of the cases, a differ- 
ence in part attributable to the personal interpretation of the prosector as to 
what constitutes “fibrosis.” 

Slightl}'^ more than one-fourth of the instances of coronary artery sclerosis 
were complicated by' fresh thrombosis. Seventy-five per cent (in the Berlin 
series, 60 per cent) of the cases with thrombosis showed infarction of the myo- 
cardium, both with and without antecedent fibrosis, in almost equal proportions. 

In an attempt to obtain further clarification, more detailed information was 
obtained from the protocols of the cases studied during 1938 and 1939. Every*^ 
profession and trade was represented, with the more humble callings expectedly 
predominating. In almost one-half of the cases (47 per cent) death took place 
in the street, or while at work, or in a public place; in an equally'^ large proportion, 
the scene was the home or a hotel room. In the home, the bed (17 per cent) 
was as often the place of death as all other parts of the house combined (kitchen, 
bathroom, and so forth, 17 per cent). Those who died in hotels were generally 
found dead in bed, although not alway'S following a night of rest and relaxation. 

How much time elapses between onset of symptoms and death? Because a 
little more than one-third of the cases were found dead in bed, the time element is 
unknown in that large portion. Of the remaining slightly less than two-thirds, 
in which the period is known, almost 80 per cent died virtually instantly. Of the 
remainder, more lived beyond an hour than died in less than that time. 

What relationship, if any, has the drinking of alcoholic liquors in the pre- 
cipitation of death in coronary^ artery disease? In slightly less than 75 per cent 
of the autopsies, during the years under closer examination (1938 and 1939), 
alcohol determinations were done on liver or brain, chiefly the latter; four-fifths 
of these gave negative results. Of the remainder, 35 per cent gave results of 1 
plus or a trace. It seems evident, then, that acute alcoholism play^s no obvious 
role in the promotion of death in this disease. 

It is sometimes asserted that coronary artery* disability"^ is associated Avith 
normal heart a\ eight, and that cardiac enlargement is the exception. Let it be 
assumed that the upper limit of normal heart weight is 399 grams, a very" generous 
allowance, and that the 25 per cent of cases in which the heart Avas not AA'eighed 
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at necropsy also had hearts of normal size; yet 56 per cent of the series in the two 
years in question had hearts weighing 400 grams or more (Table I). This state 
was more striking in fibrotic hearts (82 per cent in nonthrombotic and 63 per 
cent in thrombotic disease). More than one-half of the enlarged hearts were 
heavier than 500 grams. It cannot be gainsaid that hypertension, which could 
not be assayed at necropsy, may have caused hypertrophy. 

Tadlf/ I. Analysis of 163 Cases of Coronary Artery Sclerosis (1938-1939) in Which 
Natural Death Was Sudden and Unexpected 
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A brief description of the women with coronary artery disease, may be in 
order. In our series, there was not a single case encountered until the age range, 
40 to 44 years, was reached, when one subject was noted; none was found in 
cases between the ages of 45 and 49 years. In the ensuing half decades, the 
nurnbers were eight, eight, eleven, four, and four; there was only one case in 
subjects over 75 years of age. Although fatal coronary disease appears to 
manifest itself later in women than in men, as also found by Hallermann, 

. the age range after fifty years furnishes more coronary artery disease in women 
than their proportion of the population. 


SUMMARY 


Among 2,030 cases of sudden and unexpected natural death autopsied over a 
and one-half-year period in the Borough of Manhattan, New York City, 
per cent, death was attributed to diseases of the heart and aorta. Of these 
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two-thirds (30.4 per cent of the 2,030 cases) were caused by coronary arterio- 
sclerosis. This percentage of coronary artery disease in the cardiac and aortic 
group corresponds almost exactly with that reported from Berlin, Germany, 
over an eight-year period. 

Sudden death from coronary artery sclerosis occurred most frequently in 
white men (90 per cent) . The three decades between 44 and 74 years contributed 
one and one-half times their percentage share of the population, but sudden death 
from this disease began to appear in the third decade. Death took place under 
no specific circumstances. 

In almost three-fourths (75.5 per cent) of the hearts, coronary arter^'^ sclerosis, 
and not fresh thrombosis, was responsible for vascular occlusion. In the remain- 
ing cases, a not always fresh thrombosis was encountered and an underlying 
sclerosis, usually of severe grade, was alwaj^s present. It is incorrect to attribute 
death to coronary thrombosis without indicating the underlying primary”^ sclerotic 
disease of the arteries. 

Cardiac hypertrophy was found in 117 (66 per cent) of the 163 subjects 
whose deaths were analyzed during a two-year period. It was more prominent 
in the presence of myocardial fibrosis. 
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AN AID FOR TAKING PRECORDIAL ELECTROCARDIOGRAMS 

Joseph E. F. Risemah, M.D. 

Boston, Mass. 

T he long rubber belt usually supplied with electrocardiographs for taking 
precordial leads gives satisfactory results but is somewhat awkward to use. 
It is common practice, therefore, to dispense with this belt and have either the 
patient or the operator hold the exploring electrode in place. Because of un- 
avoidable motion, however, this frequently results in some wandering of the 
baseline or other artifacts. The chest strap described in this communication 
combines simplicity and accuracy for taking precordial leads with the patient 
in the recumbent position. 

The apparatus consists of two parts: (1) a transparent plastic strap weighted 
at both ends, which rests on the patient’s chest and serves to hold the electrode in 
place; and (2) a transparent plastic block which replaces the usual electrode 
handle: 

The chest strap is made of vinylite or similar flexible transparent plastic 
about 0.04 inch thick, 20 to 21 inches long, and 3 inches wide (Fig. 1). . The vinylite 
used* was supplied in sheets roughly 18 by 48 inches in size, so that twelve strips 
3 by 24 to 25 inches were obtained from each sheet. 

Two weights, each between 2 and 3 ounces, are prepared. Brass plate about 
2 1/2 inches x 1 1/2 inches x 1/8 inch is satisfactory. One is placed about 2 
inches from each end of the plastic strap, the free ends are folded over and sealed 
so as to enclose these weights. Sealing can be done best by “electronic welding, ’’j 
but hand or machine stitching is satisfactory. No serviceable adhesive was 
found. 

The plastic block can be made from Lucite or Plexiglass rod 1 inch to 134 
inches in diameter, cut about ^ inch thick and polished for transparency. A 
hole is drilled in one of the flat surfaces to receive the central pin of the exploring 
electrode. 

Method of Use . — The chest is marked and prepared with electrode jelly in, 
the usual fashion. With the patient in the recumbent or semirecumbent position 
one of the weighted ends of the chest strap is tucked under the left back and the 
strap draped across the thorax so that the width of the strap covers all of the 

From the Department of Medicine and the Medical Research Laboratories, Beth Israel Hospital, 
and the Department of Medicine, Harvard Medical School, Boston, Mass. 

Received for publication April 16, 1917. 

. *This is the type of vinylite which was used by the shoe industry during the war. The material 
was supplied for this study by the Phillips-Premier Corp.. Boston, Mass. 

tThe “electronic welding” was done by the Victory Plastics Co., Hudson, Mass. 
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Fig. 1. — The two essential parts of the apparatus. On the right is shown the transparent piastic 
chest strap weighted at each end, and on the ieft, the plastic block fitted over the central pin of the 
chest electrode. 
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marked positions and the free end lies on the right chest or in the right axilla. 
The block is fixed to the exploring electrode which is connected to the appro- 
priate wire. 

The free end of the strap is lifted momentarily, the electrode is placed in 
position, the strap is replaced, and the tracing is recorded (Fig. 2). This pro- 
cedure is repeated for each precordial position desired. 

The transparency of the strap and block makes it possible to see the location 
of the electrode at all times. When the electrode is in position, the strap rests 
snugly on the top of the block so as to clear the binding post and at the same time 
it hugs the chest and keeps the electrode in place. When taking electrocardio- 
grams in Positions 5 and 6, especially if the breasts are pendulous, it may be ad- 
visable to place the left arm close to the side of the body. In Position 5 the elec- 
trode and block will rest just anterior to the left arm, while in Position 6 the arm 
will rest directly on the block. 



A COMPARISON OF THE BLOOD PRESSURE IN THE LYING AND 
STANDING POSITIONS; A STUDY OF FIVE HUNDRED MEN 
AND FIVE HUNDRED WOMEN 

James H. Currens, M.D. 

’Boston, Mass. 

T he range of the normal blood pressure has been studied by several observers 
in the past so that the average blood pressure readings, at least for the sitting 
position, can be given with a high degree of accuracy.^'® The blood pressure 
has also been studied with the body in different positions. 

The majority of these studies have been concerned with noting changes in 
the systolic blood pressure and heart rate as a means of determining physical 
fitness.^*^ The response of the heart rate to exercise and the time required for 
the heart rate to return to its previous level has been found to be the best index 
of physical fitness.^ The correlation of the change of blood pressure in different 
positions with physical fitness has been disappointing. Essential orthostatic 
hypotension has been well studied and is now considered a specific clinical entity, 
which, at least in the minds of some investigators, is a lack of proper function 
of the sympathetic nervous system. Postural hypertension has likewise been 
reported which might easily be the antithesis of postural hypotension, in which 
case overactivity of the sympathetic nervous system might well be the cause 
for such a reaction.^* Renal blood flow has been found to be diminished in normal 
patients as well as in patients in whom a rise in blood pressure is associated with 
the erect posture.^^'^'^ 

It seemed plausible, therefore, to study”^ a large group of normal subjects to 
determine what happens to the blood pressure when one changes from a lying 
to a standing position. Such a study would tend to give clues as to the effect of 
the erect posture upon man; likewise, the effect of posture could be appraised 
as one of the factors in the etiology of early essential hypertension. 

Man is one of the few animals who, undoubtedly, originally adapted to a 
four-legged position, has in the course of time changed his posture to that of the 
erect position and become the only biped of the primates.^® This, of course, 
has necessitated the development of certain compensatory mechanisms; this is 
particularly true in the cardiovascular system. The simple act of arising from a 
lying position and the ability to remain in the upright position calls upon the 
body’ to perfonn an ^unusual task to overcome the force of gravity. As Hill'« 
demonstrated in 1895, it is impossible to maintain most of the four-legged mam- 
ma s in a n upright position for any length of time without the animal dying as a 
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result, primarily, of circulatory insufficiency to the brain. This is due to the 
fact that the cardiovascular system is unable to compensate for the effect of 
gravity. 

In man, evolution no doubt has presented us with certain constrictor mechan- 
isms of the blood vessels of the legs and splanchnic area to prevent a fall of blood 
pressure when man assumes the upright position. This, of course, enables blood 
to reach the brain. Man is also, I believe, the only animal who in the absence 
of renal disease develops hypertension spontaneously. 

JIETHOD OF STUDY 

v • 

Five hundred men and five hundred women between the ages of 18 and 55 
years were examined during a routine examination. All patients were white, 
and all European stocks were included in the study. The group Included many 
young men who were considered essential for their work in the war effort. The 
examination was done at the time of a pre-employment or periodic physical 
examination and was carried out in an air-conditioned room at about 72®F., 
usually in the late morning or early afternoon. The blood pressure was first 
taken in the lying position after the patient had been supine for three to five 
minutes, or possibly longer. At least three readings were made by rapidly in- 
flating the cuff above the systolic pressure and listening for the first and third 
auscultatory sounds as described by Korotkow, or until two consecutive readings 
were found to be the same. The patient was then asked to sit on the examining 
table and the remainder of the physical examination was completed. The 
patient then was asked to stand at ease upon the floor. The blood pressure and 
pulse were measured after the patient had been standing for at least three min- 
utes. Three consecutive blood pressure readings were made in the same manner, 
or until two consecutive readings were found to be similar. The last reading 
was then taken. 

There was encountered the usual number of patients who seemed slightly 
agitated for no other reason than that they were being examined by a physician. 
A few, of course, may have been slightly apprehensive as to whether they might 
pass the examination for employment or for flight duty. Every effort was made, 
however, to put the subject at ease. 

The upper limits of normal for the blood pressure readings of this study were 
chosen as a systolic reading of 150 mm. Hg and a diastolic reading of 90 mm. of 
mercury. 

The cuff was inflated as rapidly as possible to avoid undue congestion of the 
veins in the arm, which may have a tendency to raise the diastolic blood pressure. 
The arm was also held so that the brachial artery was at the level of the heart, 
since variation of the position of the arm, especially upon standing, makes a 
striking change at times in the diastolic reading. Differences of 10 mm. Hg 
in the diastolic reading were observed merely b}'^ letting the arm drop to the side 
and then determining the blood pressure: with the arm at the side, the brachial 
artery is dependent to the heavt by 10 to 15 centimeters. 
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Some readings were made by taking the diastolic reading first. The cuff 
was inflated rapidly to about 10 mm. Hg above the estimated diastolic pressure. 
The cuff was deflated and the diastolic reading was made. The blood pressure 
was then determined in the more conventional style of taking the systolic read- 
ing first and then the diastolic reading. No appreciable difference in the diastolic 
reading was noted, although at times the diastolic reading seemed more distinct 
when the diastolic reading was made first. 

RESULTS AND DISCUSSION 

The pertinent data from this study are presented in Tables I, II, and III. 
The abnormally elevated blood pressure readings were divided into seven groups, 
distinction being made between systolic and diastolic hypertension and as to 
whether the abnormality occurred in the lying or standing position, or both. 
The composition of the seven groups is shown in Table I. 

The incidence of hypertension, diastolic and systolic, in the lying and stand- 
ing positions was about equal for the groups of men and women and averaged 
3.4 per cent. The incidence of diastolic hypertension alone in the lying and 
standing positions was even higher, and the average for the two groups was 3.9 
per cent. It is interesting that nearly twice as many men demonstrated a diastolic 
hypertension as compared with women. It is appreciated, of course, that the 


Table 1. The Incidence of Various Types of Hypertension in This Study With A 

Comparison of the Men With the Women 


GROUP 


MEN 

(per cent) 

WOMEN 

(per cent) 

AVERAGE 

(per cent) 

1 

1 Diastolic and systolic hypertension, lying 
and standing 

3.0 

3.6 

3.4 

2 

Diastolic hypertension, lying and standing 

5.0 

2.8 

3.9 

3 

Diastolic hypertension, lyinc only 

0.8 

0.2 

.5 

4 

Diastolic hypertension, standing only 

6.4 

1.8 

4.1 

5 

Systolic hypertension, lying and standing ' 

0.4 

0.4 

0.4 

6 

Systolic hypertension, lying only 

0.2 

0.6 

0.4 

7 

Systolic hypertension, standing only 

i 

.00 

0.2 

; 0.1 


Table II. The Behavior of Both Diastolic and Systolic Blood Pressure 
Readings Upon Change in Posture 



MEN 

WOMEN 

1 

AVERAGE 

Diastohc pressure increased 4 mm. or more 

Diastolic pressure decreased 4 mm. or more 

No appreciable change (less than 4 mm ) 

Systo he pressure increased 10 mm. or more 

Systolic pressure decreased 10 mm. or more I 

No appreciable change (less than 10 mm ) ' 

Average age (years) 

53% 

14% 

33% 

4.2% 

36.8% 

33.9 

44% 

9.8% 

46.2% 

3.2% 

28.8% 

68% 

32.5 

48.3% 

12.0% 

39.7% 

3.7% 

32.8% 

63.5% 

33.2 
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Table III. Changes in the Pulse Rate Upon Change in Position in This Study. Changes 
OF .AT Least Two Be.ats Per Minute or More Were Considered Significant 



MEN 

WOMEN 

! 

AVERAGE 

Average pulse rate, lying 

77.3 

79.3 

78.3 

Average pulse rate, standing 

89.6 

91.0 

90.3 

Range of pulse rate, lying 

52 to 125 1 

54 to 118 


Range of pulse rate, .standing I 

54 to 140 

60 to 148 


Average increase in pulse rate per minute on standing 

13,3 

13.0 

13.2 

Range of increase in pulse rate on standing 

2 to 44 

2 to 42 


Increase in pulse rate on standing 

96% 

94.6% 

95.3% 

No change in pulse rate on standing 

2.4% 

3.2% 

1 2.8% 

Decrease in pulse rale on standing i 

i 

1.6 

1.8 

1.7 

i 


incidence of diastolic hypertension alone would not have been as great had the 
upper, litnit of normal for systolic blood pressure been reduced from 150 to 140 
mm. of mercury. However, it should be emphasized that the diastolic reading is 
of much more importance than the systolic reading from the standpoint of esti- 
mating peripheral resistance, which, of course, is the important determination 
in hypertension. As a matter of fact, the systolic blood pressure can be dis- 
regarded to advantage in clinical medicine, at least in the study of hypertension. 
The practice of reporting the diastolic blood pressure and the pulse pressure 
would give the same information and would tend to encourage thought along 
more physiologic lines. 

Comparison of Groups 3 and 4 of this study amply demonstrates the effect 
of posture upon the diastolic blood pressure, at least in those persons whose 
diastolic pressure hovered around 90. -The occurrence of an abnormal diastolic 
blood pressure reading only in the standing position, as compared with the lying 
position, was found eight times more frequently in men and nine times more 
frequently in women. Comparison of the men and women in Group 4 is also of 
interest, as it demonstrates that diastolic hypertension, only in the standing 
position, was almost four times as common in the men as in the women in this 
group. The average of the two groups, men and women, is 4.1 per cent and even 
exceeds the figure for Group 2 in this study. 

The incidence of what is commonly called e.ssential hypertension (Group 1 
in this study) is a rather low figure of 3.4 per cent. However, if one combines 
Groups 1, 2, and 4, which gives the percentage of elevated diastolic blood pres- 
sures in the standing position, the incidence is remarkably increased to 11.4 per 
cent. It is appreciated that certainly not all the patients in Groups 2 and 4 
will eventually develop essential hypertension. Certainly the initial blood pres- 
sure reading on a patient is frequently higher than most subsequent readings, 
and not infrequently even exceeds the highest blood pressure reading which can 
be obtained with such a test as the cold pressure test. This, of course, is a nervous 
phenomenon resulting from the patient’s nervous tension at the time of the physi- 
cal examination, but it is fitting to use this bit of information in recognizing this 
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group of cases as patients with transient hypertension. If this is true, there 
seems good evidence to indicate that a higher percentage of these subjects will 
later develop hypertension as compared with the patients whose blood pressure 
remains the same or falls during such an observation. 

It is of considerable importance, therefore, to observe patients with border- 
line blood pressure readings, particularly diastolic readings which hover about 
90 mm. Hg in both the lying and standing positions, to determine the response 
of the diastolic pressure to the change in position. In fact, standing, alone, may 
be one pressor test, particularly at the time of the initial examination of the 
patient where both the standing position and the nervous tension of the exami- 
nation will very likely produce a maximum response of the diastolic reading. 

Groups 5, 6, and 7 of this study indicate the relative infrequency of systolic 
hypertension alone in the absence of some elevation of the diastolic pressure. 
The fact that the average age of the whole group was 33.2 j'^ears and that none 
of the patients was over 55 years of age excludes those elderly patients who have 
systolic hypertension as a result of an inelastic, sclerotic aorta. 

From Table II one can obtain some idea as to the change in the systolic 
and diastolic blood pressure readings upon change of posture. A change of 4.0 
mm. Hg or more in the diastolic blood pressure readings or a change of 10 mm. 
Hg or more in the systolic reading were arbitrarily taken as being of some signifi- 
cance. It is quite apparent that the diastolic reading increased approximately 
four times as frequently as it decreased. In approximately 40 per cent there 
was no change; the reverse was true of the systolic blood pressure reading. In 
over 60 per cent of the cases there was no appreciable change. In the majority 
of the remaining cases (33 per cent), however, there was a fall of the systolic 
pressure of 10 mm. or more. The tendency, therefore, was for the pulse pressure 
to decrease at the expense of a decrease in the systolic pressure, as well as of a 
rise in the diastolic pressure. It should be emphasized that there were cases in 
which there was no appreciable change of either systolic or diastolic blood pres- 
sure and a few cases in which both pressures decreased. The degree of change 
together with the frequency is illustrated in Fig. 1. 

Table III gives the results of the observations of the pulse rate during this 
study. The average pulse rate for the whole group while lying was 78.3 per min- 
ute. Upon standing the average pulse rate rose to 90, and in each position the 
difference between the groups of men and women was probablj'’ not significant. 
The resting pulse rate, lying, of 78 is higher than the average basal resting pulse 
rale, which indicates that a certain amount of nervous tension was associated 
V ith undergoing a phy’^sical examination. It is also apparent that under the con- 
ditions of this study practically all of the pulse rates increased upon standing, 
since 95 per cent of the group shoAved this increase. The average increase Avas 

1 in both the groups of men and AA'Omen and amounted to 

13.2 beats per minute. 

Some of the patients Avho had either diastolic hypertension lydng and stand- 
ing or i laslolic hypertension only' XA'hile standing (Groups 2 and 4 of this study') 
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did show a considerably faster pulse rate than normal, but others demonstrated 
a perfectly- normal pulse rate. However, the average for the pulse rate of Groups 
2 and 4 of this study was about 96 beats per minute as contrasted with the overall 
average of 90 beats per minute. Although this difference is slight, it is probably 
significant. 



fo-ZO /--/<5 y.-/Z hfS /.VZ ^ 

Fig. 1. — The degree and range of change in the diastolic blood pressure readings with change in 
posture' is presented. The cases with a less than 4 mm. change are not represented. The areas belo^v 
the dotted lines indicate those patients with hypertension in one or both positions. The relative shift 
to the right in the figure is apparent. The figures represent the number of cases. 


The position of the arm is of considerable importance when taking the blood 
pressure, especially in.the standing position. The blood pressure, particularly 
the diastolic reading, has a tendency to increase with dependency and to decrease 
as the arm is raised above the heart. In the horizontal plane, the position of the 
arm does not seem to have an appreciable effect upon the diastolic blood pressure.^ 
One might expect that dropping the brachial artery about 10 cm. below the 
heart would increase the pressure in the artery approximately 10 mm. Hg since 
the weight of a 10 cm. column of blood is appro.ximately equal to the weight of a 
10 mm. column of mercury, the specific gravity of blood being 1.06 and that of 
mercury 13.6. 

In 1904 Erlanger and Hooker-^ published a rather comprehensive study of 
the effect of change of posture upon one normal individual and demonstrated 
that the vasoconstrictor element on standing could be eliminated by immersing 
the body, when erect in water. They also demonstrated that immersion of the 
body in cold water had a pressor effect upon the blood pressure and that the 
diastolic blood pressure is nearer the mean blood pressure than is the systolic 
blood pressure. Wald and associates, have called attention to the changes in 
blood pressure during the first minute of standing. After the first minute, they 
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found no appreciable change, indicating that the adjustment to standing is 
quite rapid. 

During the course of this study a moderate number of Negroes Avere exam- 
ined and the blood pressures in ihe lying and standing positions were compared. 
The number, however, proved too small to be of any significance. The com- 
parison between white people and Negroes would be of interest because of the 
observation that hypertension seems to be more frequent in Negroes. Then, 
too, a follow-up study in ten of twenty years of the patients in this report with 
borderline blood pressure readings, particularly in the standing position, would 
be of the utmost importance in evaluating the role of posture as a factor in the 
etiology of essential hypertension. 

The possible relationship between the vertical stance of man and essential 
hypertension is an interesting one. Since the diastolic blood pressure reading 
gives the best index we have of peripheral resistance, it is pertinent to know under 
what conditions in man the diastolic blood pressure is enhanced. It is true that 
many human beings are able to make the compensatory adjustment to the erect 
posture without appreciable change in the diastolic blood pressure; in fact, there 
are some subjects in whom the diastolic pressure falls somewhat upon standing. 
In about one-half of the individuals in this study the diastolic pressure increased 
upon standing. Since man spends about one-half to two-thirds of his time in 
the erect or semierect position each day, it is conceivable that over a period of 
years the increment in the diastolic blood pressure in the vertical stance is an 
.mportant factor in the gradual increase in peripheral resistance. Nervous 
stimuli, pain, and cold are also important factors Avhich will raise the diastolic 
blood pressure of man. It may be that a combination of several factors results 
in gradually raising the peripheral resistance to the blood flow in man and it 
seems logical to assume that the vertical stance is one of these factors. Perhaps 
this is the price that a certain percentage of human subjects have to pay for 
being bipeds. 

If lumbodorsal sympathectomy produces essentially a postural hypotension, 
one might expect men to have a greater 'chance of benefit than women, since 
from this study it would seem that the diastolic blood pressure is more fre- 
quently raised in men than in Avomen upon standing. This has not, however, 
been the experience Avith s^'^mpathectomy for hj'^pertension, in AA^hich case AA^omen 
seem to haA'e better results than men. 

SUMMARY 

1. Observations AA^ere made on 1,000 healthy individuals (500 men and 500 
AAomen) betAA'een the ages of 21 and 55 years AAUth respect to the change in blood 
pre^sure in the Ijdng and standing positions. The incidence of both diastolic 
f.nd SAstolic hypertension, l^dng and standing, AA’^as found to be 3.4 per cent. 

2. The presence of diastolic hj'-pertension (lying and standing) AA’^as found, 
lOAAeAer, to be more common than essential hypertension, the incidence being 



CURRENS: BLOOD PRESSURE IN LYING AND STANDING POSITIONS 653 


3.9 per cent in this study. Nearly twice as many men as women were found to 
demonstrate diastolic hypertension. 

3. The presence of diastolic hypertension in the standing position alone 
was found to be even more frequent, averaging 4.1 per cent with a sex ratio of 
about 3.5 men to one wom’an. 

4. The possible role of the erect posture as one of the factors in essential 
hypertension is considered. 

Acknowledgment is made to Dr. Paul D. White for lielpful criticisms and suggestions. 
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Clinical Reports 


MYOCARDIAL INFARCTION IN A TWELVE-YEAR-OLD 

BOY WITH DIABETES 

Elizabeth K. Shivelhood, M.D.* 

Elotse, Mich. 

A REVIEW of recent literature emphasizes that more and more frequently 
coronary disease is being recognized and diagnosed in young adults.^’® 
However, coronary occlusive disease can also occur in infants and children, as 
Stryker points out in a review of the subject.® Because of the relative rarity of 
such lesions, the clinical history of myocardial infarction in a 12-year-old boy 
with diabetes mellitus is reported. 


CASE REPORT 

H. R., a white boy 12 years of age, was admitted to the Wayne County General Hospital and 
Infirmarj'^ on Sept. 17, 1945, in a semicomatosc state. The only history available was that he 
had been a known diabetic since the age of 2 years. His diet was uncontrolled, except for the re- 
striction of sweets, and he took IS units of protamine zinc insulin before breakfast. For a few 
days prior to admission he had been sneezing and coughing, and on the day of admission he com- 
plained of a pressure sensation across the chest. 

A more detailed history was obtained later which revealed that throughout childhood he had 
had frequent head colds, tonsillitis, and pharjmgitis. Every since the discovery of the diabetes, 
he had migratory joint pains and frequent epistaxes. From 1940 to 1943, he had repeated hospital- 
izations for the regulation of his diabetes. In 1943, he had a mild attack of scarlet fever but re- 
covered without complications. For the past one to two 3 ’ears, the parents had noted dyspnea 
on mild exertion and slight ankle edema. On Sept. 1, 1945, after eating a good meal, the child 
suddenly experienced severe, constricting pain under the middle of the sternum and had severe 
dyspnea and orthopnea. 

The family history was unremarkable except for the death of two siblings, one being stillborn 
and the other dying on the first day of life. Three other siblings w'ere living and well. A paternal 
cousin had diabetes mellitus. 

At the time of admission, the temperature was 97.6’ F., the respirations were 30 per minute, 
and the pulse rate was 130 per minute. The systolic blood pressure was 135 mm. Hg; the diastolic 
pressure w'as unobtainable. The patient was a pale, very small but fairlj' well-proportioned boy of 
12 years, conscious but lethargic. His breathing was Kussmaul in type. The pupils were irreg- 
ular, round, and equal. Funduscopy w'as negative. The pharynx was injected and the tonsils 
w’ere large and slightly reddened. The chest w'as clear to percussion and auscultation. The heart 
was enlarged to the left and the left border of cardiac dullness was 2.5 cm. beyond the midclavicular 

From the Department of Medicine, William J. Seymour Division, Wayne County General Hospital, 
Bloise, Mich. 
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line in the fifth intercostal space. The aortic second sound was louder than the pulmonic second 
sound. No cardiac murmurs were heard and normal sinus rhythm was present. There was an 
increased area of gastric tympany. 

On admission, the blood sugar was 600 rag. per cent and the nonprotein nitrogen was 60 mg. 
per cent. The carbon dixoide combining power was 7 volumes per cent. The urine showed 4 
plus sugar and the presence of acetone. The difTerential blood count showed 58 polymorpho- 
nuclear leucociTes, of which 31 were filamented and 27 nonfilamented, 29 lymphocytes, 9 mono- 
CN'tes, 1 basophil, 2 metamyelocytes, and 1 myelocyte. There was toxic graulation of the poly- 
morphonuclear leucocytes. 

Gastric aspiration done on admission recovered 1,500 c.c. of fluid. In the first six hours of 
treatment the child received 3,000 c.c. of intravenous fluid containing 250 grams of glucose and 
135 units of crystalline zinc insulin. During this period, the carbon dioxide combining power 
rose from 7 volumes per cent to 46 volumes per cent and at the end of eighteen hours, only a trace 
of acetone remained in the urine (Table I). 


Table I. Laboratory Findings 


Urinalyses 


DATE 

SP. GR. 

ALB. 

SUGAR 

1 

i 

ACETONE 

MICROSCOPIC 

9/17/45 

— 

++++ 

I Tr. 

1 

+ 

1 

Occ. WBC. No organisms in stained 

1 sediment 

9/27/45 

1034 

+ 

++-1-1- 

1 

0 

I 

Many gram-neg. bacilli, fe'.v micro- 
cocci and gram-pos. diplococci 

10/ 6/45 

1030 

+++ 


0 

2-3 hyaline casts; 4-6 WBC. 

10/ 8/45 

1019 


0 


Neg. except for few gram-pos. cocci 

12/11/45 

1022 

-i-+ i 

0 

! 0 

• 4-6 hyaline casts, 3-4 WBC, 1-2 RBC 

12/15/45 

1011 

'-h 

0 

mom 

3-4 WBC, 1-2 RBC 

12/19/45 

1028 

+-I- 

++++ 


3-4 hyaline casts, 4-8 WBC, 1-2 RBC. 

2/ 6/46* 

1013 

+++ 

i 


j Occ. WBC and RBC. Numerous 
i granular and occ. hyaline casts 


During this same period, the temperature rose from 97.6'> F. rectally to 102.4° F., and the 
phar> nx became red and edematous. The chest was clear to percussion and auscultation and there 
na„ no edema peripherally. The blood pressure fell to 90/55. A transfusion of 200 c.c. of whole 
Tr° gi'cri and intramuscular penicillin in doses of 20,000 units everj'- three hours was started, 
le o owing ay, a roentgenogram of the chest showed early bronchopneumonia, pleurisy on 

t 'C j'lg It, an^ an enlarged heart (Fig. 1). At this time, the patient complained of substernal pain 
on deep inspiration. 


f E temperature continued elevated. Rales and dullness at the bases 

o o ungs pcreisted. There was occasional acetonuria and persistent glycosuria. Therefore, 
tcgulate the diabetes bj’ small daily doses of protamine zinc insulin and 
crystalline msuhn administered before meals according to the reaction of the urine. 
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A. 


B. 

Fig, 1. — A, Roentgenogram of chest showing pleurisy on right, early bronchopneumonia and 
enlarged heart. B, Roentgenogram of chest suggestive of passi%'o congestion of both lung fields. Pleura 
thickened at both margins. 



658 


AMERICAN HEART JOURNAL 


Blood Counts . 


D.\TE 

HB. GMS. 

WBC 

DIFFERENTIAL 


PMN 

i 

F 

NF 

L 

1 

Ji 

B 

E 

9/17/45 

15 

49,100 

58 

31 

27 

29 

9 

1 

B 

1 myelocyte 

2 metamyelocytes 

9/27/45 

12.7 

11,550 

72 

65 

B 

19 

8 


B 


10/10/45 

13.5 

9,200 


1 

B 

■ 



iBjjj^l 


10/29/45 

13 

5,200 

51 

51 

0 

29 

15 


5 


12/ 7/45 ! 

13 

9.150 

65 

63 

2 

32 

3 




2/ 6/46* 

11 

15,150 

69 

61 

8 


B 

2 




Blood Chemistry 


DATE 

GLUCOSE 

NPN 

CHOLESTEROL 

H 

SERUM PROtEIX 

1 

9/17/45 11:00 A.M. 

600 

60 




1:30 p.M. 

695 

1 


21 


8:30 P.M. 

62 



77 


9/29/45 

10/ 2/45 


32 

190 

. 

5.3 

10/ 8/45 

170 

69 




10/11/45 

56 

41 




11/ 2/45 ! 

323 1 



1 


12/ 7/45 

120 1 

50 




12/ 8/45 

37 

34 1 


60 

Albumin 2.5, 
globulin 2 . 9 

12/15/45 

250 




12/21/45 

135 






^Information from records at Detroit Receiving Hospital. 


On Sept. 15, 1945, the rales had disappeared from both lungs, but a pericardial friction rub 
developed at the cardiac apex and a reduplicated second sound was noted at the base of the heart. 
I he legs were markedly edematous. An electrocardiogram taken the following da}' showed 
tachycardia and evidence of an extensive anterior myocardial infarct. See Fig. 2 for serial changes. 

On Sept. 26, 1945, a roentgenogram of the chest was interpreted as showing congestion 
of the lung fields with a slight effusion present on the right side. The cardiac configuration was 
suggestne of mitral disease. The friction rub had disappeared. The patient was digitalized. 
Two dajs later, the right chest showed definite physical signs of pleural fluid and ’the liver was 
felt three fingerbreadths below the right costal margin. ■ ’ 

Because signs of pleural fluid persisted, a thoracentesis was performed on Oct. 2, 1945, and 
15 c.c. of serous fluid was removed from the right pleural cavity. Its specific gravity was 1.010 
an culture and smear were negative for any organisms. At that time, a roentgenogram w'as 
la 'cn which indicated that the greatest transverse diameter of the heart had increased 1.5 centi- 
iiietcr.s. The po^sibiIity of a pericardial effusion was considered. Because of persisting genet-' 
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alizcci edema, 0.5 c.c. of Mercuhydrin was given intramuscularly on Oct. 6, 1945, which caused a 
satisfactory diuresis with a diminution of the ascites and the pleural effusion. The ankle edema 
disappeared and for the first time the child was afebrile. 

Although the urine was kept acetone-free, the diabetes was poorly stabilized; the fasting 
blood sugars varied from 56 mg. per cent to 323 mg. per cent. On Nov. 17, 1945, the patient was 
discharged with instructions to eat a salt-free weighed diet and to take 20 units of protamine 
zinc insulin and 20 units of crystalline zinc insulin before breakfast, 5 units of crystalline zinc 
insulin before lunch, and 15 units of crystalline zinc insulin before supper. 










Fig. 2. — Electrocardiograms showing the standard, precordial, and extremity leads. The QRS 
and T-wave changes suggesting infarction are most prominent in the chest leads. 


On Nov. 29, 1945, the patient was seen in the outpatient clinic of this hospital where' it -was 
learned that because his appetite had failed immediately upon going home, the parents had 
attempted the regulation of the insulin dosage. His fasting blood sugar on that daj' was 133 mg. 
per cent. On examination, the left heart border was at the anterior axillary line and a systolic 
murmur and a split second sound were heard over the entire precordiu'm, but best heard at the 
apexi The chest was free of rales'; the liver was slightly enlarged, but no edema was noted. 

' On Dec. 6, 1945, the patient was readmitted to this hospital with edema of the entire body 
and ascites which first became evident on Dec. 1, 1945, following a severe insulin reaction. The 
essential phj'sical findings at that time were: retinal edema, crystalline retinal exudates, and an 
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increased arteriovenous ratio. There was decreased resonance at both lung bases, with no change 
in the breath sounds. There was marked ascites and a 4 cm. enlargement of the liver by ballotte- 
ment. The patient had bilateral costovertebral angle tenderness with marked edema of the penis, 
scrotum, and lower extremities. The fasting blood sugar was 180 mg. per cent and the nonprotein 
nitrogen was 50 mg. per cent. 

During the next week, the diabetes was well controlled on a salt-free diet plus crystalline 
zinc insulin before meals. Because of marked respiratory distress and a rapid heart rate, on Dec. 
11, 1945, the patient was redigitalized, given 0.5 c.c. of Mercuhydrin intramuscularly, and oxygen. 
From Dec. 12, 1945, on, the patient had periods of delirium which came on at about 6:30 p. m. 
each day. The insulin dosage was reduced with some improvement in the symptoms but the 
patient continued to complain nightly of substernal and left shoulder pain. On Dec. 29, 1945, 
the parents removed the child from the hospital against medical advice. 

On Feb. 2, 1946, the patient entered The Detroit Receiving Hospital.* Since leaving Wayne 
County General Hospital and Infirmary, there had been a gradual increase in anasarca until one 
week before admission, when it had increased rapidly. This was somewhat relieved by an injec- 
tion given by a local physician which caused marked diuresis. During the week preceding his 
final hospital admission, he also had an upper respirator^' infection. On Feb. 1, 1946, he had 
constant sharp precordial pain which radiated down the left arm. On admission to The Detroit 
Receiving Hospital, the physical examination was essentially the same as previoush* described, 
except for the following; the fundal vessels showed an arteriovenous ratio of 1 :2; there was arteriolar 
spasm but no sclerotic changes. There were small linear and round hemorrhages, and retinal 
edema was marked. The chest showed decreased tactile fremitus in the right axilla and deceased 
resonance to percussion throughout. The cardiac findings wete as previously described. The 
blood pressure was 135/100. 

For the next two to three days, following mercurial diuresis, he seemed to improve but on 
Feb. 6, 1946, he coughed up a small amount of bright red sputum. Inspiratory and expiratory 
rhles were heard in the right midaxilla and at the right lung base. A roentgenogram showed 
“diffuse soft jjeribronchial reaction throughout lung fields with consolidation of the right upper 
lobe. There is minimal pleural thickening of right lateral chest wall.” Intramuscular {jenicillin 
therapy was begun but the patient expired on Feb. 6, 1945. Permission for autopsy was refused. 

The final diagnoses were (1) terminal bronchopneumonia, (2) cardiac de- 
compensation, (3) old anterior myocardial infarction, (4) diabetes mellitus, and 
(5) chronic glomerulonephritis. 


SU^BLIRY 

A case of myocardial infarction occurring in a 12-year-old boy with diabetes 
mellitus is reported. 
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SUCCESSFUL TREATMENT OF SUBACUTE BACTERIAL 
ENDOCARDITIS WITH STREPTOMYCIN 


John Hiner Guss, M.D, 

Staunton, Va. 

R eports of the successful use of streptomycin in the treatment of subacute 
bacterial endocarditis have appeared in the literature, but they are rare.* 
Priest and McGee- were successful with the drug in eradicating the endocardial 
infection in two patients but failed in a third. The infecting organism in all three 
was a pleomorphic streptococcus, the earliest and most pleomorphic forms being 
gram negative and the older forms, Avhich appeared as pairs and short chains of 
cocci, being gram positive. Later, however, after the culture had been frozen, the 
organism grew as a typical Streptococcus viridans (type not specified) with a green 
hemolytic zone. In all three cases, the organism appeared to be highly resistent to 
penicillin but sensitive to streptomycin. In one, the drug could not be obtained 
until the last five days of the patient’s illness, but at autopsy no bacteria could be 
demonstrated on the scattered remnents of fibrin on the valves involved. 

Cady and Allen,® and Cady and Hunter^ reported the unsuccessful treatment 
of subacute bacterial endocarditis due to Streptococcus viridayis fecalis with strep- 
tomycin. That the drug can be used effectively in this type of infection is illus- 
trated by the following case report. 

REPORT OF CASE 

M. S., a 50-year-old white housewife, was admitted to the hospital Nov. 11, 1946, complain- 
ing of weakness and fever. She denied any serious illnesses in the past, except the usual child- 
hood diseases, and there was no history suggestive of any part of the rheumatic diathesis. She 
felt that she had enjoyed unusually good health all her life until ten weeks prior to admission 
when she suddenly became ill with fever, chills, sore throat, and generalized aching. Her family 
physician treated her symptomatically for influenza for one week. Fever had subsided at the 
end of a week, but she felt unusually weak, and after several days she discovered that she was 
running a low-grade, daily afternoon temperature elevation. During the ensuing weeks she be- 
came progressively weaker; fever became continuous, she suffered from drenching night sweats, 
and lost about twenty pounds in weight. Three weeks before admission she had taken two tab- 
lets of one of the sulfonamides every four hours for four days without noticeable improvement 
in her fever or general condition. At this time she noticed rapidly progressive exertional dyspnea 
vhich was promptly followed by moderate orthopnea, but there had been no precordial pain, 
palpitation, paroxysmal dyspnea, or edema. She began to suffer from occasional bouts of mod- 
erate epistaxis, and on several occasions she noticed the appearance of subcutaneous bleeding 
vithout known trauma. The patient’s vision had been blurred for several weeks, and she com- 
plained also of floating scotomata. Review of systems, past historj', and family history were 
irrelevant. 


Receivotl for pulilication June 0, 
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.Physical examination revealed a thin, pale, white woman of stated age lying quietly in a 
semi-Fowler position and appearing chronically ill. The skin was dry and essentially clear. The 
tips of several of the fingers were tender, but no splinter hemorrhages were seen, although several 
<lays later they were abundant. Petechial hemorrhages were present on the soft palate and in the 
left conjunctival sac, but none were found on the skin. The head was essentially negative. The 
pupils were equal, regular, and normally reactive. The nerv^e heads were well outlined and the 
vascular pattern was essentially normal, but there were numerous old and fresh round, flame, and 
crescent-shaped hemorrhages in both eyes. The ears, nose, and throat were essentially normal, 
and the sinuses transilluminated well. A few lower remaining teeth appeared in good condition. 
The tongue was normal and the pharynx clean. 

The peripheral nodes were not remarkable except for a few small, shotty nodes beneath the 
angle of the jaw bilaterally. The trachea was in the mid-line; there was no tug, and the thyroid 
was not palpably enlarged. 

The chest expanded equally and symmetrically. The percussion note was resonant through- 
out and the breath sounds were soft and vesicular everywhere. No r&les, rhonchi, or friction rubs 
were heard. The heart apparently was slightly enlarged to the left but the aorta did not seem to 
be uncoiled or dilated. The waistline was not obliterated to percussion. There was considerable 
precordial activity and a suggestion of a systolic thrill at the apex. The rate was 1 10 per minute 
and the rhythm was regular. There was a harsh, Grade 2 systolic murmur heard best at the apex 
but transmitted well over the entire precordium and heard easily in the axilla and at the angle of 
the left scapula. The first sound at the apex was not accentuated. The pulmonic and aortic 
second sounds were equal and neither was appreciably increased. There was no gallop or friction. 
Diastolic murmurs were not heard at this time in any position. The blood pressure was 140/70 
in both arms. The peripheral vessels were not appreciably thickened and the venous pressure 
appeared normal clinically. 

The abdomen was soft and scaphoid. There was no tenderness. The liver, kidneys, and 
masses could not be felt, and attempts to palpate the spleen were unsuccessful. There were no 
costovertebral angle tenderness, sacral edema, or hernias. Pelvic examination revealed a marital ’ 
introitus with good support. The pelvic examination was negative. 

The extremities were essentially negative except for finger tenderness as already noted. 
Neurological examination was essentially normal. All deep and superficial reflexes were generally 
hyperactive. 

Repeated examinations of the urine were normal except for occasional showers of red cells. 
Examination of the blood showed 7 Gm. of hemoglobin (Sahli), 2,750,000 erythrocytes, 5,150 
leucocytes with 7 juvenile forms, 16 band forms, 62 segmented neutrophiles, and 15 lymphocytes. 
There were about 30,000 platelets per cubic millimeter; the bleeding time was prolonged and the 
coagulation time was normal. Prothrombin time was eighteen seconds (control sixteen). Culture 
of the blood on five successive days consistently yielded a luxurious growth of Streptococcus 
viridans, type fecalis. 

Roentgenologic e.xamination of the heart revealed slight enlargement in the region of the 
left ventricle but there was no enlargement in the region of the left auricle. The lung fields were 
entirely clear and bright. Electrocardiographic studies were normal. 

The patient was studied for five days without any specific type of treatment. During this 
time a short, high-pitched, early diastolic murmur became clearly audible at the apex. Several 
transfusions of Avhole blood were then administered and she was started on 50,000 units of peni- 
cillin intramuscularly every three hours. This was increased to 100,000 units after forty-eight 
hours and again to 250,000 units every three hours after another forty-eight hours, because the 
smaller doses were without effect on her temperature curve, which ranged between 100 and 103.6° 
Fahrenheit. This was followed by a prompt drop in the temperature to near normal levels for 
the following ten days. The blood became sterile, but she continued to look unwell. Tachycardia 
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persisted, she continued to have drenching sweats, and she appeared much weaker than on ad- 
mission. At this time, it was determined that the organism was completely resistent to penicillin 
through 5 units per cubic centimeter, but sensitive to streptomycin at 6 units per cubic centi- 
meter. Streptomycin was started intramuscularly in equally divided four-hour doses totalling 
1.5 Gm. everj' twenty-four hours. The temperature rose to 102°F. the following day and the 
blood culture yielded a scanty growth of the same organism. The drug was then increased to 
3.0 Gm. daily and was continued at that level for the following nineteen days. The temperature 
returned to normal within two days. The blood cultures became consistently sterile and have 
remained so to date, six months following discontinuance of the drug. Her general condition 
began to improve and she felt better in every waj'. On the tenth day of streptomycin therapy 
she began to notice vertigo on side-to-side movements of the head which gradually increased in 
severity until she was constantly dizzy by the nineteenth day. This complication became so 
marked and receded so slowly after streptomycin was discontinued that she was unable to sit in a 
chair until sixteen days later and even now (six months later) she is unable to walk without assist- 
ance. Because of beginning signs of left-sided heart failure, digitalization was carried out on the 
forty-seventh hospital day, seven days after streptomycin treatment had ceased. Convalescence 
since that time has been retarded only by vertigo and she is now doing part of her housework 
each day. Digitalis, however, remains necessary for cardiac compensation. 


SUMMARY 

A case of subacute bacterial endocarditis due to Strepiococcns vhidans, 
type fecalis, is presented. 

Inasmuch as the patient did not do well clinically on penicillin and because 
it was impossible to obtain blood levels sufficiently high to inhibit the growth 
of the organism as indicated by in vitro sensitivity tests, it seems likely that 
streptomycin was responsible for the eradication of the infection. 
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ELECTROCARDIOGRAPHIC ABNORMALITIES IN A CASE OF 
UREMIA MANIFESTING HYPERPOTASSEMIA 

Robert Tarail, M.D. 

New Haven, Conn. 

A lthough the electrocardiographic manifestations of hyperpotassemia 
have' been studied in detail in animals, only a few such studies have been re- 
corded for The present case is reported because it provides per- 

haps an unusually clear demonstration of certain electrocardiographic changes 
in a uremic syndrome in which hyperpotassemia supervened, 

CASE report 

W. R. (U. H. No. 771439), a 22-year-old, unmarried, white blocklayer was admitted to the 
medical servdce of the University of Minnesota Hospitals on Sept. 20, 1946. He complained 
chiefly of blurred vision and severe headache. 

In 1943, while the patient was a member of the Coast Guard, he experienced an episode of 
soreness of the throat followed by abdominal pain and red urine. After eight weeks of hos- 
pitalization, he was discharged from the Coast Guard. He was then asymptomatic until Novem- 
ber, 1944. At that time he is said to have developed pneumonia and to have had microscopic 
hematuria. Recession of symptoms was again noted until three months prior to admission. At 
the former time, the patient noted the onset of severe, persistent, occipital headaches 'which radi- 
ated over the entire head. About two months prior to admission, puffiness of the face (about the 
eyes) and of the legs became manifest. During the three-week period prior to admission, di- 
minishing visual acuity and ocular pain became troublesome. The headaches persisted, but the 
puffiness had disappeared prior to admission. There was no history of nocturia or of dysuria. 

The patient was well developed and well nourished. Oral temperature was 98.2° Fahrenheit. 
The heart rate was 120 per minute. The respiratory rate was 22 per minute. Examination of the 
ocular fundi show’ed bilateral papilledema and numerous areas of hemorrhage and exudate. The 
examination of the heart showed the point of maximum impulse to be in the sixth left intercostal 
space at the midclavicular line. The rhyi;hm was regular. Reduplication of the first apical 
sound and a soft apical systolic murmur were noted. The aortic second, sound was of tambour 
quality. The blood pressure was 170/120. Examination of the lungs and abdomen was negative. 
Slight costovertebral angle tenderness, bilaterally, was noted. The knee jerks and ankle jerks 
were hyperactive and equal. The Babinski sign was present bilaterally. 

Numerous urinalyses were done. Specific gravities, uncorrected for albumin, ranged from 
1.009 to 1.020. Plus 2 albuminuria was recorded on numerous occasions. Granular casts were 
found on Oct. 4, 1946. Occasional leucocytes and erythrocytes were present in the urine sedi- 
ments. Urine culture on Sept. 21, 1946, was reported positive for micrococci and diphtheroids. 
The hemoglobin concentration on Sept. 20, 1946, was 7.0 grams per 100 c.c.; erythrocyte count 
was 2,100,000. Leucocyte count was 8,700 with 80 per cent neutrophiles; 17 per cent lymphocytes; 
and 1 per cent each of monocytes, eosinophiles, and basophiles. The hemoglobin and erythrocyte 
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levels remained essentially the same during the hospital stay. Leucocyte counts of 13,000 and 
15,000 were recorded on Oct. 1, and on Oct. 4, 1946, respectively. High neutrophilic per- 
centages (to 96) were present on the latter dates. Sternal marrow biopsy on Sept. 25, 1946, dem- 
• onstrated “generalized marrow hyperplasia with inflammatory changes, and a relative increase 
in cells of the erythroid series.” Venous pressure was 10 cm. HiO on Sept. 21, 1946. Total 
plasma proteins were 4.9 grams per 100 c.c. on Sept. 21, 1946, and serum cholesterol was 354 
mg. per 100 c.c. on Sept. 23, 1946. The blood urea nitrogen concentration varied from 86 mg. 
per 100 c.c. to 236 mg. per 100 c.c. (Chart 1). The creatinine range was 13.0 mg. per 100 c.c. to 
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Chart T. 


30.5 mg. per 100 c.c. of blood. The uric acid concentration was 5.9 mg. per 100 c.c. of blood on 
Sept. 23, 1946. The blood glucose concentration was 92.0 mg. per 100 c.c. on Sept. 21, 1946. The 
range of carbon dioxide combining power of the plasma was 32 to 44 volumes per cent. The 
scrum chloride concentrations (as sodium chloride) were 636 mg. per lOO'c.c. and 648 mg. per 100 
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c.c. on September 20 and 21, respectively; on October 2 and 3, they were 531 mg. per 100 c.c. 
and 502 mg. per 100 c.c., respectively (Chart I). The serum calcium concentration was 10.1 mg. 
per 100 C.C. on September 23 and 9.0 mg. per 100 c.c. on October 2. The serum phosphorous 
was 6.8 mg. per 100 c.c.^on September 23 and 21.0 mg. per 100 c.c. on October 2. The range of 
srrum potassium levels was 25.2 mg. per 100 c.c. (6.4 meq. per liter) on October 2 to 35.6 mg. per 
100 c.c. (9.1 meq. per liter) on October 1 (Chart 1).* Control serurn potassium determinations 
ranged from 15.7 mg. per 100 c.c. to 21.6 mg. per 100 cubic centimeters.! An x-ray film made 
on Sept. 21, 1946, was interpreted as showing left ventricular enlargement. 

Patient was afebrile aside from occasional oral temperature readings of 100° Fahrenheit. 
Blurring of vision and headaches continued throughout the hospital stay. Vomiting, hematem- 
esis, hemoptysis, and epistaxis occurred intermittently. Sudden severe dyspnea and pulmonary 
edema supervened on Sept. 28, 1946. This episode appeared to respond to intravenous digoxin, 
morphine, tourniquets, and oxygen. Twenty-four-hour urine outputs are depicted in Chart I. 
On Oct. 1, 1946, the presence of apparent anuria for the preceding twenty-four to forty-eight 
hours brought to mind the possibility of hyperpotassemia.® Blood samples for potassium deter- 
mination were drawn and electrocardiographic studies undertaken. The anuria, supposedly 
extant oh September 30 and October 1, may have been spurious in view of the removal of 1,185 
c.c. of urine by catheter on the morning of October 2. 

Therapeutic measures consisted of a low protein-low salt diet, barbiturates, paraldehyde, 
morphine, codeine, atropine, salicylates, penicillin, digitalis, parenteral vitamin B complex, 
parenteral fluids, and blood transfusion. Pulmonary edema, which followed blood transfusion, 
prompted the use of 0.25 mg. of digoxin intravenously on September 28. Four cubic centimeters 
of Digalcn (Lilly) were given intramuscularly on September 29 and 30. Two cubic centimeters 
were given on October 1 and 2. Four cubic centimeters of Digalen were again given on October 
4 and 5, No potassium salts were prescribed. 

For the most part, the blood pressure readings were 160/100 to 210/150. .For about 
thirty hours prior, to death, blood pressure levels within the normal range were found. Repeated 
examinations revealed no paresis or paralysis. Spasticit}', bilateral sustained ankle clonus, mark- 
edly hyperactive and equal ankle and knee jerks, and bilateral, abnormal great toe signs were 
observ^ed on October 1. The patient died at 4:40 a.m. on Oct. 6, 1946. No accurate record of the 
mode of death is available. Necropsy permission was not obtained. The clinical diagnosis was 
chronic glomerulonephritis. 

Electrocardiographic Findings . — The electrocardiogram of September 21 (Fig. 1) was inter- 
preted as. possibly a rather atypical instance of left ventricular strain. The possibility of peri- 
carditis or of recent myocardial infarction was likewise entertained. The electrocardiogram of 
September 26 (Fig. 1) manifested T-wave changes and slightly increased QRS duration, which 
together might be regarded (in retrospect) as evidence of potassium effect. The electrocardio- 
gram of September 28 appears to present a stage intermediate between the findings of the two pre- 
ceding tracings. Tbe electrocardiogram of Oct. 1, 1946 (Fig. 1) was taken in the midst of a period 
of urinary suppression (Chart I). Intraventricular block, huge peaked T waves, and first degree 
atrioventricular block have become manifest. A serum potassium determination performed on 
blood taken simultaneously was 35.6 mg. per 100 cubic centimeters. The tracing made at 8:30 
p.M. on October 1 (Fig. 1) demonstrates diminution in severity of intraventricular block, diminution 
in P-R interval, and receding T-wave changes. The next tracing (Fig. 2), taken on the afternoon 
of October, 2, is characterized by changes of the same general quality as those noted at 12:30 
p.M. on October 1 (Fig. 1). The serum potassium level on the morning of Oct. 2, 1946, had de- 
creased considerably, as shown in Chart I. The serum potassium level thirty minutes prior to 
the electrocardiogram on the evening of October 2 was recorded as 25.2 mg. per 100 cubic centi- 
meters. This tracing shows a marked recession of QRS and T-wave changes, disappearance of 

=fTho method of potassium determination is based on a modification of the methods of Kramer 
and Tisdall and of Breh and Gaebler, quite similar to the method described by Wood.!!* Our range of 
normal is 17.7 to 22.2 mg. per 100 c.c. of serum. 

tOne millimole of K=1 meq. of K=39.1 mg. of K. 
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Fig, l.~Sept. 21. 1946: P-R inten-al is 0.16 sec.; QRS duration flimb lead). 0.09 sec.; and Q-T 
Inton-al, 0.37 second. The T waves of Lead I, CF 4 ..and CFe are inverted. The T wave of Lead CP 4 
is peaked. 

second; increased T-wave positivity; T; and Tj peaked. The T wave 
o ca CF; is tall and peaked. T waves of Leads CFj and CPc have become upright, 
hopt. 28. 1946; Recession of T-wavo contours. 

Oct. 1, 1916 (12:30 p.m.): Serum K 35.6 mg, per 100 c.c.; P-R, 0.24 sec.; P; and Ps abnormally 
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prolonged P-R interval, and a general trend toward the findings of September 28 (Fig. 1). The 
recurrent conduction disturbances and T-wave abnormalities apparent in the tracing of October 
3 (Fig. 2) are probably correlated with a rising scrum potassium level (Chart I). On October 4, 
the scrum potassium was 30.8 mg. per 100 cubic centimeters. An electrocardiogram taken on the 
afternoon of that day (Fig. 2) manifests changes, less pronounced on the whole, than those evi- 
dent in the preceding tracing. 


COJIMENT 


The salient electrocardiographic abnormalities presented by our patient 
were; (1) Peaked T waves of large amplitude and relatively brief duration in 
Leads II and III. These T waves were either inverted or upright in the CF 
leads; (2) delayed intraventricular conduction: (3) delayed intra-auricular con- 
duction, prolonged P-R interval, and some tendency to disappearance of the P 
waves (especially in Lead III); (4) the development of a deep Q deflection in 
CFo; (5) abnormal S-T elevation, notably in CFo; (6) variable, changing pat- 
tern of abnormalities possibly related to corresponding fluctations in the degree 
of hyperpotassemia; and (7) tendency to left ventricular strain. 

The first three abnormalities are similar to those ascribed to potassium in- 
toxication in man and in animals. The electrocardiographic concomitants of 
potassium cardiotoxicity in dogs were first clearly described by Winkler, Hofl, 
and Smith. Their work appears to have provided the background for and 
impetus to analogous observations in man. The essential changes were in- 
creased T-wave amplitude, S-T depression, defective intraventricular conduction, 
and P-wave disappearance. No A-V block occurred. Prolongation of the P-R 
interval was recorded in hyperpotassemic cats studied by Chamberlain and 
associates,^ and in potassium into.xication in man.®’’® The abnormal S-T eleva- 
tions noted in the present patient do not correspond to the hyperpotassemic 
S-T depressions observed in dogs and in man. The cause of the deep Q wave 
in Lead CFo is obscure. 


Finch and Marchand and their co-workers®'® ’- reported six cases of potas- 
sium cardiotoxicity. Tail peaked T waves, P-wave absence, S-T depression, 
decrease in the ratio of R to S, and delayed intraventricular conduction were the 
chief electrocardiographic findings. In one of their patients® ventricular fibril- 
lation, eventuating in asystole, was recorded terminally. Ventricular fibrillation 
was not observed in dogs subjected to continuous, slow intravenous infusion of 
potassium chloride’® but was observed in an anuric dog to which potassium 
chloride was administered by duodenal intubation.’' 


Keith and associates’® found P-wave changes (widening and disappearance) 
and prolongation of the P-R interval in their cases of hyperpotassemia and 
uremia. Delayed intraventricular conduction and a tendency to peakedness of 
the T waves were also observed. Katz® recorded electrocardiograms of two 
urenuc patients, in these tracings, peaked T waves were evident in the limb leads 
and r leads. No serum potassium levels were mentioned. Govan and Weiseth" 
recor ed limb lead aberrations suggestive of hyperpotassemia in conjunction 
with a serum potassium of 12.27 mM per liter (48 mg. per 100 c.c.). 
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■ The electrocardiographic alterations observed in the present case are com- 
parable, to those observed in anuric dogs.® The anuric animals evidenced levels 
of elevation of serum potassium concentration, sequential electrocardiographic 
changes, and a mode of death precisely comparable to normal dogs subjected to 
continuous intravenous potassium infusion.^® In the latter animals, an increase 
in amplitude and decrease in duration of the T wave occurred at serum potas- 
sium levels of 5 to 8 mM per liter (19.5 to 31.3 mg. per 100 c.c.). Depression 
of S-T at 8 to 10 mM per liter (31.3 to 39.1 mg. per 100 c.c.), intraventricular 
conduction delay at 10 mM per liter, P-wave disappearance at 9 to 11 mM 
per liter (35.2 to 43.0 mg. per 100 c.c.), and cardiac arrest at 14 to 16 mM per 
liter (54.7 to 62.5 mg. per 100 c.c.) constituted the subsequent electrocardio- 
graphic evidence of increasing serum potassium concentration. 

Repeated serum potassium determinations in our case disclosed consistently 
elevated potassium levels. The magnitude of fluctuation of serum potassium 
appears to be positively correlated with fluctuations in degree of corresppnding 
electrocardiographic change. In this connection, the importance of securing 
blood for potassium determination at the same time as the electrocardiogram is 
taken is evident. Further studies of potassium cardiotoxicity in man may deter- 
mine possible threshold serum potassium levels at which various electrocardio- 
graphic abnormalities appear. The critical lethal level in man had been postu- 
lated at 10.0 or 10.5 mM per liter of serum.® Survival, despite serum potassium 
levels of 12.27 mM per liter^ and 14.1 niM per liter, has been reported. The 
fact that other electrocardiographic manifestations in the uremic state (for ex- 
ample, those associated with hypertension, coronary insufficiency, and peri- 
■ carditis) may result in a somewhat varying electrocardiographic reflection of 
potassium intoxication from case to case may account for variations to be found 
in the various case reports. 

Persistent anuria or oliguria are presumably the cardinal prerequisites for 
the development of hyperpotassemia.® Previous case reports®* support this 
hypothesis. The present patient (Chart I) likewise appears to confirm this theory. 
That potassium intoxication may occur without marked reduction of urine flow 
is suggested by the following: One of the patients observed by Hoff and asso- 
ciates® was anuric for two or three days preceding death. The serum potassium 
was 6.5 mM per liter two hours prior to death, and there was no electrocardio- 
graphic evidence of potassium intoxication. Some of the reported cases® 
and the present case manifested hyperpotassemia and related electrocardio- 
graphic changes in the absence of complete or nearly complete urinary suppres- 
sion. Of the factors other than oliguric potassium retention which rnay be in- 
volved in potassium intoxication, the following may be important: (1) a shift 
of rionplasma potassium into the plasma; (2) renal dysfunction, not directly 
related to urinary suppression, involving defective conservation and/or ex- 
cretion of electrolytes; and (3) adrenocortical factors. If the hypochloremia 
present in our patient (Chart I) indicated concomitant hyponatremia, an influx 
of potassium from the intracellular fluid may have occurred. This shift of potas- 
sium to the extracellular compartment, in association with excess sodium loss 
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via the kidney and/or defective potassium excretion, may explain the abnormally 
high serum potassium levels noted in the present case. 

Clinically, in association with potassium intoxication, flaccid paraplegia 
and quadriplegia of sudden onset were observed.®-® These disturbances were not 
observed in other reported cases^*'®’^- nor in the present instance. That flaccid 
paralysis of the family-periodic type may occur in a nonoliguric form of renal 
insufficiency in a hypopotassemic phase has been suspected.^ Therapeutic ap- 
proaches in man and in animals to the problem of potassium intoxication have 
included the administration of sodium chloride,® insulin," hypertonic glucose,--^ 
calcium,'-*"'^®'-® and adrenocortical compounds. ^■®’^® Whether hypocalcemia 
and/or hyponatremia occurring in the course of renal insufficiency may enhance 
the deleterious effects of elevated serum potassium levels is unknoAvn.® 

In conclusion, it may be AA-^ell to point out again that the administration of 
potassium salts to patients in renal insufficiency may be frought AA-ith danger. 
This practice may be particularly deleterious in the presence of impending or 
actual urinary suppression. Keith and associates^’ observed increases of 6.3 
and 10.4 mg. per 100 c.c. in the serum potassium levels folloAAung ingestion of 
5.0 Gm. of potassium bicarbonate by each of Iaa'O patients AA'ith renal insufficiency. 
Some of the reported instances of potassium intoxication have involved ad- 
ministration of potassium salts for therapeutic purposes.®’"’’® On the other 
hand, as demonstrated by Winkler and associates,” there are many factors Avhich 
tend to preclude dangerous serum potassium levels folloAA’ing oral administration 
of potassium salts to patients in states of frank renal insufficiency. 


SUMMARY 

1. Data are given on a patient AA'ho manifested uremia, hyperpotassemia, 
and electrocardiographic changes consistent AA'ith potassium card io toxicity. 

2. Huge, peaked T AA’aves of relatively brief duration, conduction dis- 
turbances, and P-AA'ave changes AAere the salient abnormalities. 

3. A brief discussion of factors AA'hich may be involved in the genesis of 
potassium intoxication Avas undertaken. 

The advice and criticism of Dr. R. Ebert arc gratcfull\- acknowledged. 
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Gorham, L. W., Lester, D. E., Wolf, A. V., and Shidtz, H. H.: The Relative Importance 
of Dietary Sodium Chloride and Water Intake in Cardiac Edema. Ann. Int. Med. 
27:575 (Oct.), 1947. 

Thirty patients with edema of congestive heart failure were investigated. Twenty-two of 
these were maintained on a low salt diet of less than 1.0 Gm. of sodium chloride in twenty-four 
hours. Eight patients were allowed 3.0 Gm. of sodium chloride in twenty-four hours. The fluid 
intake was frequently altered. Daily fluid intake varied from 1,000 c.c. to 7,500 c.c. in different 
patients on different days. When encouraged to do so, most patients took an average of 3,000 
c.c. daily. Some were on fluids restricted below 1,500 c.c. throughout the first week of treatment, 
others were forced to over 4,000 c.c., while still others were restricted during the first three days 
of treatment and forced during the subsequent four days, and vice versa. These v'arying intakes 
were employed during the first seven days because the maximum excretion of sodium occurred 
during the first week of the regimen. After the first week, fluids were allowed as desired. With 
a few exceptions, all patients were fully digitalized at least thirty-six hours before the 
regimen was started. Veiy* satisfactory clinical improvement was noted in the ma- 
jority of the twenty-two patients treated with less than 1.0 Gm. of sodium chloride in 
twenty-four hours. Seventeen cases showed a satisfactory clearing of edema. In five cases, 
maintained four to fifteen days on the less than 1.0 Gm. of sodium chloride in twenty-four hours, 
there ^'.•as no apparent clinical improvement. Loss of edema was achieved without recourse to 
mercurial diuretics. Clinical evidences of edema disappeared usually within one week. No 
adverse effects were noted which could be directly attributed to the ingestion of e.xtra water. 
However, five of the patients with chronic edema of long standing responded very poorly to the 
diet and ingestion of water alone. In these cases, the authors believe that the use of mercurial 
diuretics was mandatory'. 

In general, the clinical responses of all the patients seemed to depend on their ability to e,x- 
crete sodium. Where the sodium chloride excretion was very low, the patients responded poorly. 
Although forcing fluids caused some increase in sodium and water loss, the slightly negative 
sodium balance was seemingly not enough to affect the clinical course. However, in none was 
there any adverse effect from the ingestion of copious amounts of water when the diet was kept 
low in sodium. 

This regimen is not considered by the authors to be a substitute for mercurial diuretics, 
especially in the more refractory cases. The relative sodium loss of three to five days on the 
regimen for the average patient was only the equuMent of that obtained by 1.0 c.c. of Salyrgan. 
Nevertheless, they consider that the low sodium diet and moderate intake of water (3,000 c.c. 
daily) appear to be most •v’aluable adjuncts to digitalis and the mercurial diuretics in the treat- 
ment of cardiac failure. 

WE^■DKOS. 

Reader, G, G., Romeo, B. J,, Webster, B,, and McDermott, W.: The Prognosis of 

Syphilitic Aortic Insufficiency. Ann. Int. Med. 27:584 (Oct.), 1947. 

In 1942, the authors had under their direct obsen-ation ninety-one patients suffering from 
s>philttic aortic insufficiency. In forty-seven of this number, supplementary studies, such as 
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circulation time, venous pressure, vital capacity, and teleroentgenogram of the chest, were made. 
Thirty of this carefully studied group of patients are known to be still alive, but only twenty- 
seven of the original group of forty-seven were available for comparative study and symptomatic 
appraisal. Of this number, sixteen have remained asymptomatic,- three admitted to mild symp- 
toms of cardiac failure on careful questioning, and eight presented frank evidences of myocardial 
insufficiency such as exertional and/or paroxysmal nocturnal dyspnea. Of the sixteen who are 
asymptomatic, ten. are 60 years of age or older, while the remaining six range in age from 43 to 
59 years. Most of these asymptomatic patients are still working. Of the eight who complained 
of dyspnea, two .are 60 and 71 years of age, respectively, whereas the remainder range in age 
from 35 to 57 years. In the symptomatic and asymptomatic groups, aortic insufficiency has been 
known to be present for approximately the same length of time, that is, for five to twelve years, 
with an. average of 7.6 years. Compensation has been restored by treatment with digitalis in 
nine of the symptomatic group. The symptomatic phase in this group has varied from two to 
fourteen years, with an average of 5.6 years. Nine of the total number of surviving patients had 
been in congestive heart failure three to nine years previously and had responded very well to 
digitalis. All the patients included in this study had received continuous antisyphilitic therapy 
with bismuth and arsenicals for approximately four years. 

Abnormal widening of the aorta did not appear to be a factor affecting the prognosis, whereas 
a low diastolic blood pressure was recorded in only two of those who have survived the five year 
follow-up period. The intensity of the murmur did not seem to bear any relationship to the ulti- 
mate outcome, since a loud diastolic murmur was frequently heard in those who had remained 
asymptomatic while the murmur was soft in many who had always been symptomatic. It is the 
conclusion of the authors that of all the tests a-vailable, the circulation time and the diastolic 
blood pressure probably offer the best index of prognosis in syphilitic aortic insufficiency. 

Wendkos. 

Melvin, J. P., Jr.: Post-par tal Heart Disease. Ann. Int. Med. 27:596 (Oct.), 1947. 

Four female Negro patients, two of whom were 21 years of age and the other two 31 and 32 
years of age, developed congestive heart failure during the postpartum interval, shortly after the 
uncomplicated delivery of their respective infants. There was no history of antecedent rheumatic 
infection nor syphilis in the entire group and serologic tests were uniformly negative. In all 
cases, the diet appeared to be adequate throughout pregnancy and there were no stigmata of 
nutritional deficiency which could be detected in the physical examination. Temporary elevations 
of the diastolic blood pressure were noted in all cases during the phase of cardiac decompensation. 
Ectopic rhythms were not present. The only adventitious cardiac sounds consisted of transient 
systolic murmurs and protodiastolic gallop rhythms. Teleroentgenograms of the chest in all 
instances revealed definite cardiac enlargement, which disappeared following restoration of cardiac 
compensation. Low-grade fever was present in one case but the cause for the pyrexia was never 
established in spite of repeated blood cultures. In all four instances, uneventful recovery from 
the congestive heart failure followed bed rest, diuresis, and digitalis, whereas no benefit seemed 
to result from the administration of concentrates of vitamin B complex. The author considers 
that the clinical findings in these cases confirm previous concepts that reversible disease of the 
heart, directly incidental to pregnancy, may be a definite clinical entity. 

Wendkos. 

ijiiderdalil, L. O., and Smith, L. L. : Coronary Artery Disease in Women Under the Age 

of Forty. Proc. Staff Meet., Mayo Clin. 22:479 (Oct. 15), 1947. 

S 

The authors studied the records of .95,000 women under the age of 40 years who were seen 
during the eleven-year period, 1935 through 1945, and found a total of twenty-seven patients in 
whom there was ho reasonable doubt of the diagnosis of coronary disease. The ratio is, therefore, 
one case of coronary artery disease in every 3,500 patients. This series included cases of coronary 
sclerosis with angina pectoris and coronary sclerosis with myocardial infarction. The criteria for 
diagnosis are the same for coronary disease in women under the age of 40 years as in any other 
group. In this series, there was only one patient who had diabetes. 
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There were seven patients who had definite myocardial infarction and two others who had 
questionable infarction. Of these seven patients, two died suddenly while under obser\'ation in 
the hospital and another died five weeks after returning home. The remaining twenty patients 
had coronary sclerosis with angina pectoris. Two of these had a history which suggested previous 
myocardial infarctions, but the diagnosis could not be proved. 

Of the twenty-seven patients, only one was under the age of 35 years. Thirteen of the 
twenty-seven patients had varying degrees of obesity. Seventeen of the patients (63 per cent) 
had varying degrees of hypertension. Of the five patients who were of normal weight and had 
infarction, four had hypertension; the fifth had neither obesity, hypertension, nor hyperlipemia. 
Of fourteen patients who had blood fat determinations, eight showed ele\'ation and six had normal 
values. 

The results of this study confirm previous impressions that coronary disease in women under 
the age of 40 years is very rare. 

Bellet. 

Lewis, L. A., and Page I. H.; Changes in the Plasma Protein Pattern (Tiselius Electro- 
phoretic Technique) of Patients With Hypertension and Dogs With Experimental 

Renal Hypertension. J. Exper. Med. 86:185 (Aug.), 1947. 

Employing the Tiselius electrophoretic technique, the author studied the plasma protein 
pattern of ten patients with essential hypertension, sixteen patients with malignant hypertension, 
that of six dogs before and after the development of hypertension induced by wrapping both 
kidneys in silk, and that of three dogs in which the spleen was wrapped in silk. The sixteen 
patients with malignant hypertension were classified according to the severity of the disease 
into mild, moderate, and severe cases. The proteins studied were albumin, alpha, beta, and gamma 
globulin, and fibrinogen. 

The plasma portein pattern of the patients with uncomplicated essential hypertension showed 
only slight variations from the normal. In those with severe malignant hypertension, the fibrino- 
gen and beta globulin were usually elevated and the albumin increased. These changes were less 
marked in less severe cases of malignant hypertension. In the dogs with experimental hyper- 
tension, the gamma globulin level was greatly elevated, and in one dog with the malignant hyper- 
tension syndrome, beta globulin and fibrinogen were also increased. It is concluded that ele- 
vation of beta globulin seems in some manner to be associated with the occurrence of severe 
vascular disease. 

Meranze. 

IMialc, J. B.; Characteristic Urinary Findings in Visceral Angiitis. (Periarteritis Nodosa, 

Lupus Erythematosus). Am. J. Clin. Path. 17:820 (Oct.), 1947. 

Urinary findings in three cases of visceral angiitis (periarteritis nodosa, lupus erythematosus) 
are listed. These consist of erythrocytes and erythrocytic casts, waxy casts, fatty casts, broad 
casts, and ‘oval fat bodies.” This urinary picture has been described so seldom in acute glo- 
merulonephritis that it is considered presumptive evidence of the presence of visceral angiitis 
in the acute phases. These findings disappear with remission of the disease. 

Meranze. 

Jone.s, J. C.: Complications of the Surgery of Patent Ductus Arteriosus. J. Thoracic 

Surg. 16:305 (Aug.), 1947. 

Jones^ discusses the types of morbidity and, mortality incident to the operative manage- 
ment o sixty-one consecutive patients with patent ductus arteriosus. In none of the patients 
v as t lerc a preoperative bacterial endarteritis. In fifty-three patients the ductus was ligated 
an in cig t it \sas completely divided and sutured. Two deaths occurred. One occurred during 
operation \\ en a massive hemorrhage from the ductus necessitated division and suture; cardiac 
arrest c e\e opec and resuscitation was unsuccessful. The second death occurred forty-eight days 
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following ligation; autopsy showed a re-established fistula around the ductal ligatures between the 
pulmonary artery and the aorta. In addition, an aneurysm of the ductus was found. During 
the two weeks before death a blood stream infection with Staphylococcus aureus associated with 
a high fever developed. Vegetations were found on the walls of the pulmonary artery and aorta. 

Of the fifty-nine living patients, ten have clinical evidence of either recurrence of the fistula 
or inadequate obliteration of the ductus. All but one of this group, however, are well. 

Two patients developed aortobronchial fistulas with intermittent hemoptysis, necessitating 
operative intervention in one of them. The two umbilical tapes had eroded into the aorta and a 
small bronchus of the left upper lobe. The opening into the aorta was sutured and a complete 
recovery ensued.. Other complications included atelectasis, pneumonia, and two cases of empyema. 

Lord. 

Gross. R. E. : Complete Division for the Patent Ductus Arteriosus. J. Thoracic Surg. 

16:314 (Aug.), 1947. 

Gross supports his contention that the patent ductus should be divided and sutured in every 
case subjected to operation by the facts that there have been only four deaths in 180 consecutive 
casQs, whereas in forty-three patients treated by some form of ligation, there were three deaths and 
a recurrence or continuation of the fistula in approximately eight cases. Since complete division 
in the author’s hands carried a mortality no higher, but rather lower, than ligature of the ductus, 
and since complete division cannot be followed by recurrence, he has employed it routinely in all 
cases, infected as well as uninfected, for the past three years. 

The technique is illustrated and described in detail. An anterior approach through the left 
chest with reflection of the breast cephalad is employed. Careful and complete dissection of the 
areolar and fibrous tissue from the ductus and adjacent pulmonary artery and aorta is essential. 
The ductus is divided between four clamps and after removal of the two innermost clamps, each 
end is sutured with 00000 Deknatel silk. There has been no instance of immediate or delayed 
hemorrhage or aneurysm. 

' Lord. 

Conan t, J. S., and Kurland, L. T.: Pulmonary Tuberculosis Associated With Anomalous 

Common Left Pulmonary A^ein Entering the Left Innominate A'ein. J. Thoracic Surg. 

16:422 (Aug.), 1947. 

The authors report the occurrence of an anomaly of the left common pulmonary vein in a 
37-year-old Negro. Bilateral pulmonaty tuberculosis was discovered four years before his death 
in 1946. The lesions in the right lung responded well to rest and other measures, but a cavity 
in the left upper lobe enlarged progressively from 3 cm. to 10 cm. in diameter during the four-year 
observation period. Death followed rapidly the development of a right pleural effusion. 

Necropsy showed that the left auricle received only one pulmonary vein, that from the right 
side, which divided as it passed through the pericardium. . The circulation of the right lung was 
normal. Further exploration of the pulmonary circulation showed a common left pulmonaty 
vein emptying into the left innominate and picking up a tributary from what appeared, to be 
the left hemiazygous above the level of the left pulmonary artery. 

It would appear that by itself recirculation of aerated blood from one lung, into another, 
by a shunt involving half the pulmonary bed, still provides an adequate pulmonaty reserv^e. 
In the case reported, the arterial blood received all. its oxygen from the right lung. The addition 
of pulmonary disease to the picture suggests in this instance that the integrity of the right lung 
was more important than that of the left. Obstruction to the flow of blood through the right 
lung, which was directly concerned with maintaining the oxygenation of the systemic circuit, had 
a more serious effect than involvement of the left lung. Up to the time the patient suffered his 
terminal episode, the tuberculosis was more extensive on the left .side. When spread to the right 
lung occurred and was associated with a right-sided effusion, the supply of oxygen and blood 
to the systemic circuit then became limited. 


Lord, 
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Corcoran, D. B., and Coleman, F. P. : Anomaly of Aor la Simulating Mediastinal Tumor. 

J. Thoracic Surg. 16:427 (Aug.), 1947. ^ 

Corcoran and Coleman point out that many mediastinal tumors are asymptomatic and are 
discovered only during routine roentgenologic examination. Following discovery of such a lesion, 
an accurate differential diagnosis may be difficult, although Coleman was able to determine the 
cellular nature of the pathology preoperatively in eleven of nineteen cases. 

Aneurysms and anomalies of the thoracic aorta are sometimes mistaken for mediastinal 
tumors and the authors report such a case. A 58-year-old man was found by roentgenographic 
e.vamination of the chest to have a dense mass in the posterior mediastinum between the levels 
of the seventh and tenth ribs. It bulged laterally into the left hemithorax and displaced the 
barium-filled esophagus anteriorly. At operation a markedly elongated descending thoracic 
aorta was found which had a horseshoe-shaped curve. The authors discuss the possible embryo - 
logic orgins of such an anomaly. 

Lord. 

Jampolis, R. W., Jenkins, H. P., ISfewman, M. M., and Nardi, G. L. : Control of Hemor- 
rhage From the Cardiac Auricles by the Gelatin Sponge, An Experimental Study. 

Surgery 22:198 (Aug.), 1947. 

In Elkin’s series, in 1944, the mortality rate in wounds of the four cardiac chambers, the 
aorta, and the pulmonary arterj' was 22 per cent. In three cases of injuries to the auricles, there 
was one death, a mortality rate of 33 per cent. In a series of forty-two patients with wounds of 
the heart reported by Griswold and Maguire, the wounds in four were in the auricles, and three 
of these patients died. The present authors point out that there are a number of factors which 
are responsible for the high mortality rate in wounds of the auricles. First, the left auricle is 
difficult to expose; second, the walls are thin and friable, making the hemorrhage large and rapid, 
as a rule, and making suturing difficult. 

In a group of eighteen dogs, the tip of the auricular appendage was removed and a knife was 
thrust into the auricular wall at the base of the appendage in order to produce severe hemorrhage. 
A gelatin sponge was applied to the defect and held in place for ten minutes. It is compressed, 
used dry, and Cilkloid is employed to prevent the sponge from adhering to the surgeon’s glove. 
There were no instances of secondary hemorrhage. At autopsy the sponge was adherent to the 
epicardium and was absorbed in from five to eight weeks. The authors prerent their experiments 
as a technique which might have "value in clinical surgery as an aid in controlling hemorrhage in 
stab wounds or bullet wounds of the auricles, in injury of the auricle in the course of pericardi- 
ectomy, and in operative procedures on cardiac valves.” 

Lord. 


McSwain, B., and Spencer, F. C.: Carotid Body Tumor in Association Witli Carotid 

Sinus Syndrome. Surgery 22:222 (Aug.), 1947. 

Although 275 cases of carotid body tumors have been reported in the literature, only six 
unequivocable cases of the carotid sinus syndrome have been recorded in association with carotid 
body tumors. The authors add two new cares. In one patient, a boy, 15 years of age, there was 
a 2-ycar history of fainting spells and a mass in the neck of one year’s duration. Pressure on the 
mass, which was located in the left side of the neck just below and posterior to the angle of the 
mandible, caused cardiac slowing, an imperceptible blood pressure, and syncope. Following re- 
lease of pressure, the blood pressure and pulse rate returned to normal in one minute. At opera- 
tion It \\as necessary to resect portions of the common, internal, and external carotid arteries in 
or er to extirpate the tumor. On microscopic study it was found to have invaded the coats of the 
common carotid artery. ^ The cellular elements were 13'pical of a benign adenoma or tumor of the 
carotid body. The patient made an uneventful recovery and has remained free from further 
syncopal attacks. Tiyo and one-half years after operation, a 2.0 x 2.0 x 1.0 cm. mass was found 
in the region of the bifurcation of the right common carotid artery. No symptoms were caused 
by pressure upon the mass. Excision of the tumor has been advised. 
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The second case was a 28 year-old woman who had had many attacks of syncope associated 
with turning of the head over a period of eight years. A mass in the left side of her neck had been 
present for three years. Syncopal attacks ceased three years before admission and were replaced 
by sensations of faintness. For one month, the patient had noted atrophy of the left side of the 
tongue. At operation the common, external, and internal carotid arteries were ligated and the 
mass removed. The internal carotid artery was found to be thrombosed. Microscopically, the 
specimen w'as typical of a carotid body adenoma. Postoperatively, a transient right-sided hemi- 
plegia occurred but disappeared completely in forty-eight hours. 

In both operations it was necessary to sacrifice several nerves, resulting in left vocal cord 
paralysis in both patients and a Horner’s syndrome in the first case. 

The authors discuss the possible theories of the spontaneous disappearance of the carotid 
sinus syndrome in the second case of carotid body tumor and suggest that thrombosis of the 
internal carotid artery may have abolished the cerebral type of reflex. They favor, however, 
the concept that the tumor may have destroyed the afferent nerv'e connection from the carotid 
sinus, thereby breaking the reflex arc. 

Lord. 

Simeone, F. A., and Sarnoff, S. J. : The Effect of Dibcnamine on the Autonomic Stimu- 
lation. Surgeiyf 22:391 (Aug.), 1947. 

An experimental study was performed on cats to determine whether Dibenamine blocks the 
effects of sympathetic nerve excitation, as well as the action of epinephrine. The nictitating 
membrane, disconnected from the central nervous system by severing the cervical sympathetic 
trunk, was utilized as a test organ. The membrane was previously sensitized by postganglionic 
denervation. 

The data demonstrated that Dibenamine blocks the positive action of epinephrine, at the 
same time unmasking its negative effects. The action of sympathin E is also blocked. However, 
the blocking effect is not as great in the case of the changes produced by sympathetic nerve stimu- 
lation. Dibenamine does not inhibit at all the cardioacceleration following excitation of the 
cardiac nerve and only diminishes, but does not abolish, the contraction of the nictitating mem- 
brane in response to stimulation of the cervical sympathetic nerves. 

Since the effect of Dibenamine is not immediate, the authors suggested that the action of 
the drug is not a direct one upon epinephine or sympathin, but rather that it effects some sub- 
stance between the mediator and the contractile mechanism or possibly the contractile mechan- 
ism itself. The latter theory appears to fit the facts best. 

Abramson. 

Loewe, L. : Anticoagulalion Therapy With Heparin/Pitkin Menstruum in Thrombo- 

cmbolic Disease. Am. J. Med. 3:447 (Oct.), 1947. 

This is. one of a series of seminars on thromboembolism. The author’s experience with the 
use of heparin/Pitkin menstruum in a series of more than 400 patients receiving several thousand 
subcutaneous deposits is the basis of the report. The functional pathology of intravascular 
clotting is reviewed and the disadvantages and limitations of surgical interruption of veins and 
the use of Dicumarol in thrombophlebitis and/or phlebothrombosis is discussed. 

The author feels that heparin is uniquely applicable in thromboembolic disease and that the 
heparin/Pitkin menstruum circumvents previous disadvantages of the substance. Composition, 
dosage plan, method of administration, clinical use, and method of following the patient’s clinical 
course are discussed in detail. 

-Local pain, swelling, and tenderness caused by the earlier preparations do not occur with 
the present preparations. .Suspension of heparin activity may be obtained with small trans- 
fusions of whole blood. It is felt that the substance is safe, simple, practical, and effective for 
anticoagulation therapy. 

An analysis of the clinical results in 251 patients representing all forms of venous thrombo- 
embolic disease revealed good results. There were five fatalities. Loewe believes that there is a 
parallelism between thrombus mass and heparin requirements. In uncomplicated phlebothrom- 
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bosis, heparinization need be continued only for seven to ten days, while cases complicated by 
pii!m'onar>' infarction require an additional seven to ten days of heparinization. The liberal use 
of papaverine is recommended. 

The problem of prophylaxis in the field of thromboembolism, as it pertains to heparin/ 
Pitkin menstruum, is discussed, as well as the treatment of arterial thromboembolic disease 
(peripheral vascular disease, cerebral thrombosis, and coronary artery thrombosis). 

\Voo*DS. 

Bogcr, W. r., Kay, C. F., Eisman, S. II., and Yeoman, E. E. : Caronamide, a Compound 

That Inliibits Penicillin Excretion by llic Renal Tubules, Applied to the Treatment 

of Subacute Bacterial Endocarditis. Am. J. M. Sc. 214:493 (Nov.), 1947. 

It is now established that approximately 80 per cent of the loss of penicillin from the body 
is by way of the renal tubules. Therefore, an agent capable of inhibiting tubular excretion might 
be expected to enhance the levels of penicillin in the plasma. These effects have been observed 
to follow the administration of Diodrast, para-aminohippuric acid, and benzoic acid. Diodrast 
and para-aminohippuric acid have been employed in the treatment of subacute bacterial endo- 
carditis, but the necessity of administering large amounts of either substance by constant intra- 
venous infusion has limited their usefulness. 

A new compound, Caronamide, has been described as being effective in elevating the plasma 
concentrations of penicillin. It has been hypothesized that the physiologic and reversible inhibi- 
tion of the penicillin transport mechanism under these circumstances is due to a substrate com- 
petition between penicillin which is excreted by the tubules, and Caronamide (4'-carbDxy-phenyl- 
melhane-sulfonanilide) which is essentially refractory to excretion by the transport mechanism. 
In preliminary clinical investigations, penicillin plasma concentrations were enhanced from three 
to seven fold by the oral administration of Caronamide, and no serious toxic manifestations were 
observed. Accordingly, the treatment of a case of subacute bacterial endocarditis due to a strain 
of Streptococcus viridans resistant to penicillin and streptomycin was considered to be justified. 

The patient was a 51-year-old woman who had suffered relapse following each of two courses 
of penicillin therapy. The sensitivity of the organism to penicillin had originally been 0.03 unit 
per cubic centimeter, but after the second course it was 0.5 unit per cubic centimeter. Two 
courses of streptomycin were then administered, but cure was not effected and there was a 20,000- 
fold increase in the resistance of the organism to this antibiotic. Following the failures with 
streptomycin, penicillin was again administered, but this time in association with oral Carona- 
mide in dosage ranging from 12 to 24 Gm. per day. It was possible by this combination to ele- 
vate the plasma concentration to the remarkable height of from 30 to 60 units of penicillin per 
cubic centimeter. On the ninth day of this course, the blood cultures became negative and re- 
mained so thereafter. Another combined course was given later for prophylactic purposes w'hen 
the patient had a tooth extracted. No reactivation of the disease occurred. It was estimated 
that the blood levels which were obtained in this case with combined treatment could only have 
been obtained with penicillin alone had 10,000,000 units daily been administered. 

Durakt. 

-Minkowski. W. L.; The Coronary Arteries of Infants. Am. J. M. Sc. 214:623 (Dec.), 1947. 

Considering the enormous volume of literature devoted to the coronary arteries, the dearth 
of attention given these vessels in the newborn, infants, and children is rather surprising, A few 
in\ estigalors have included the coronary arteries of young people in overall surveys of age changes 
occurring in these vessels; none have studied infantile coronary arteries in numbers adequate for 
statistical analysis. To meet this need, there are reported the histologic studies on the coronary 
arteries of 204 infants, most of whom died at birth or soon afterward. The causes of death were, 
in general, limited to birth injuries and/or asphyxia, inflammatorv processes, and a small number 
of miscellaneous diseases unrelated to either of the former groups. Sections about 5.0 mm. 
thick wore taken from each of the three major coronary arteries at a distance of 0.5 to 1.0 cm. 
from their origins. A special magnification technique was used for the measurement of the areas 
of ine intima and media. 
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It was found that 60 per cent of 122 male subjects and 51 per cent of eighty-two female sub- 
jects revealed a musculoelastic and/or an elastic hyperplastic layer in one or more of their coro- 
nary arteries. It may, therefore, be concluded that coronary intimal thickening occurs in a large 
number of newborn infants, and children dying of various causes. In a group of fifty-one boys 
and twenty'-five girls less than one day old who died of birth trauma and/or asphyxia, the mean 
difference between the male and female intima-media rates of 2.6 times the probable error of the 
means was obtained. This is considered to be a highly suggestive difference. The validity of this 
difference and of that in Dock's material must be determined by examination of greater numbers 
of hearts. 

The role played by infection was also of great interest in this study. Bronchopneumonia 
was a very common infection in the series of cases studied. For the entire group, and particu- 
larly for the group more than one month old, the differences in means for coronary intimal thick- 
ening between the group with infection and the group without infection were clearly significant. 

The meaning of the intimal thickenings found in this study, particularly as it concerns 
the subsequent development of coronary arteriosclerosis, remains to be clarified. 

Durant. 

Barany, F. : Peripheral Blood-Flow in Rabbits With Experimental Hypertension. 

Acta med. Scandinav. 127:376 (No. V), 1947. 

/ 

The author repeated the experiments of Kapp, Friedland, and Landis (1941) which had 
shown that the ear temperature of rabbits with nephrogenic hypertension remained the same 
when the animals were warmed to 40° centigrade. It had been inferred that an increase in vascu- 
lar resistance occurred in the skin directly proportional to the blood pressure increase. Because 
he felt the rabbit's ear was primarily a heat radiator and therefore its temperature a poor index 
of cutaneous blood flow, the author repeated the e.xperiments, measuring not only the tempera- 
ture of the car, but also that of the forepaw in warmed rabbits with hypertension produced by 
the Page cellophane technique. 

There was no evidence of vasoconstriction associated with the increased pressure, as com- 
pared with controls, when the forepaw was used. The ear temperature remained constant just 
as it did in the 1941 experiments. 

Since patients with renal hypertension do not have an increase in skin blood flow and, there- 
fore, are assumed to have vasoconstriction in the cutaneous bed, there appears to the author to 
be an important difference between human and rabbit renal hypertension; there is either a differ- 
ent etiological agent or a different response to the same agent. 

Sayf.n. 


Osier, J. : Arterial Hypcrleiisiou in a Child, Cured by Nephrectomy. Acta med. Scandi- 
nav. 128:42 (No. I), 1947. 

After reviewing the unilateral renal affections associated with hypertension, the author re- 
ports the case of a 7-year-old boy with intermittent left-sided hydronephrosis ascribed to pressure 
of an aberrant artery on the ureter. The blood pressure was not determined preoperatively. 
A darning-needle-sized aberrant artery to the lower of the kidney pole was found and ligated. 
After one month, headache, nausea, and vomiting appeared from time to time, and five months 
after operation, the child developed hypertensive encephalopathy with a blood pressure of 200/170. 
After the acute encephalopathic bout subsided, the blood pressure was 180/130 and the blood 
urea nitrogen 36 mg. per cent. 

Left nephrectomy was performed and pathologic examination of the kidney revealed changes 
in the lower pole thought to be due to ischemia, in addition to slight hydronephrosis throughout the 
organ. The blood pressure 'fell to normal and fourteen months later was 90/60, the child remain- 
ing well. Although there was not entirely convincing proof in this case of a causal relation be- 
tween ligation of an aberrant renal vessel and hypertension (the duration of the hypertension 
being uncertain), the author points out the possible danger of such ligations, which, he believes, 
is not sufficiently realized. 


Sayen, 
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Peters, J. T.; ITic Necessity and Possibility of Gbing Detoxified Large Oral Doses of 

Salicylates in the Treatment of Rheumatic Fever in Order to Prevent or Cure the 

Inflammatory Stage of Carditis. Acta med. Scandinav. 128:51 (No. I), 1947. 

On the basis of “numerous” cases treated since 1929, it is asserted that the dosage of salicy- 
late used in active rheumatic fever is usually insufficient, and that remarkable results can be ob- 
tained if blood levels of 35 to 70 mg. per cent are reached. This cannot be accomplished safely 
with intravenous administration or the usual methods of oral administration. However, if 
sodium bicarbonate be given in solution in a ratio of 2.0 Gm. for everj* gram of sodium salicylate, 
it is possible to give 15 Gm. of salicylate orally each twenty-four hours with relative impunity. 
The author’s formula consists of sodium salicylate, 30 Gm.; sodium bicarbonate, 60 Gm.;and 
peppermint water, 300 c.c., made up to 1 liter with cold distilled water. Fifty cubic centimeters 
of this solution are given ten times a day, the dosage being proportionately reduced for children. 
The importance of administering the salicylate in solution and in not heating the solution while 
preparing it (to prevent formation of sodium rarbonate) is stressed. Neither alkalosis, norrespir- 
atoiy' stimulation, nor vomiting was seen when salicylate was administered in this form and in 
this dosage. Continuance of therapy till all evidences of activity subsided was important. The 
sedimentation rate became normal rather early and was not the best guide. A marked decrease in 
the frequency and severity of carditis is claimed, 

S.A.YEK. 

Adler, E,, and Lyon, E. : Cardiac Disorders Associated With Infectious Hepatitis. 

Cardiologia 11:111, Fasc, 3, 1947, 

Seven per cent of a large number of cases of infectious hepatitis with icterus had cardio- 
vascular symptoms and signs. Eight cases are reported and their electrocardiograms shown. 
The symptoms occurred during the infection, immediately after the acute phase, and after vari- 
able inten''als following the infection. The subjective complaints were palpitation, dyspnea, 
pressure sensation in the chest, anginoid pain with occasional radiation into the left arm, fatigue, 
weakness, and occasional arrhythmias. The ages varied from 20 to 40 years and all were pre- 
\-iously healthy. Marked variations in heart size or abnormal auscultatoiy' phenomena were 
absent. 

All cases showed electrocardiographic changes considered to be characteristic of myocarditis. 
In some cases a return to normal was observed. Changes in A-V conduction, in the form and dis- 
placement of the S-T segment at rest and after exercise, and flattening or inversion of the T 
waves were observed. In addition, sinus arrhythmias and auricular or ventricular premature 
■contractions were noted. In almost all cases the duration of the Q-T segment was prolonged. 
This is considered to be toxic in origin. In several cases, excessively high T waves were found. 

Lexel, 


Iledinger, C. : Contusion of the Heart With. Late Rupture of the Left Ventricle. Cardi- 
ologia 12: Fasc. 1/2, 1947. 

A 53-year-old soldier was kicked in the chest by a horse. Following this episode, he was 
hospitalized for three days because of severe dyspnea. After discharge he was unable to perform 
his usual duties and three days later he was again hospitalized. A pericardial friction rub was 
heard ov'er the precordium. The pulse rate was 120; blood pressure, 120/100; and white blood 
cell count, 19,200, with 82 per cent polymorphonuclear leucocytes. Fluoroscopy showed enlarge- 
ment of the heart and pulmonary congestion. The patient died suddenly on the ninth day after 
the accident. 

.■\utopsy showed a fracture of the sternum at the level of the fourth rib and fracture of the 
cartilages of t%vo ribs. Examination of the heart revealed a tear of the lateral leaflet of the tri- 
cuspid valve; rupture of the descending branch of the left coronary artery near its origin from 
t e aorta, vith formation of a dissecting aneurysm and a recent thrombosis of this artery; a very 
J.trge recent infarct of the left ventricle with mural thrombosis and pericarditis; and rupture of 
the left ventricle in the region of the infarct with hemopericardium. 

The author advocates a longer period of observation after severe trauma to the chest. 

Lexel. 



SELECTED ABSTRACTS 


683 


Maliaira, I. ; Ncav Concepts Concerning tlic Treatment of Mitral Stenosis. Cardiologia 

12; Fasc. 1/2, 1947. 

Mitral stenosis is not always due to scarring of the mitral valve but may be caused by a 
myxomatous poljT originating in the left atrium and protruding through the mitral orifice. Such 
polyps may cause arterial myxomatous emboli which can be identified as such after surgical 
removal. Such poh'ps are a constant threat to the life of the patient. 

The diagnosis can be made by the following suggestive signs and symptoms: The sudden 
appearance of mitral stenosis in a subject with a negative cardiac history and the sudden 
•appearance of peripheral signs of marked decrease in cardiac output and peripheral embolism. 
Angiocardiography may reveal the left atrium to have a lacunar appearance. 

The author suggests that mitral stenosis due to a polyp and also mitral stenosis due to scarring 
should be treated surgically by the production of an artificial interauricular septal defect. This 
recommendation is supported by the fact that patients with mitral stenosis and an associated 
interauricular septal defect show no evidence of pulmonary congestion, and survive longer than 
patients with mitral stenosis alone. 

Len'kl. 


De la Barreda, P., Diaz, C. J., and de Molina, A. F.: Neurochemical Regulation of 
Arterial Pressure (the Endocrine Function of Arteries). Rev. espan de cardiol. 1:1 
(Jan.), 1947. 

Stimulation of the central stump of the vagus ner\'e in dogs produces a temporary hyper- 
tensive effect even after removal of the pituitary gland or the adrenals, and after extirpation of 
liver or kidneys. The effect is blocked by section of the'medulla. It is assumed that the effect 
is mediated to the vascular tree via the spinal cord and the peripheral nerves. The hyper- 
tensive response may be obtained in crossed circulation experiments in the nonstimulated animal. 
It may be obsen'ed in a dog that has been transfused with plasma obtained during or shortly 
after the stimulation of the vagal stump. Plasma from such animals greatly reduces flow of 
fluids in a Loewen-Trendelenburg preparation of the frog. The hypothetical hypertensive sub- 
stance is not inhibited by ergotamine. The phenomenon may represent an example of internal 
secretion of the arterial walls or of certain endothelial structures (glomus bodies), perhaps similar 
to the assumed production of renin by the juxta glomerular apparatus. 

Hecht. 

Manning, G. "W., and Caudwell, G. C.: The Effect of Demerol, Ergotamine, and Di- 
hydro-Ergotamine on Mortality After Coronary Occlusion in Dogs. Brit. Heart J. 
9:85 (April), 1947, 

The authors report the result of Demerol and sympathetic inhibiting agents upon acute 
coronary occlusion in conscious dogs, using the same experimental conditions and procedures 
previously described (Manning and associates, 1939). The sympathetic inhibiting drugs used 
were ergotamine tartrate (Gynergen II, Sandoz) and a new ergot derivative, dihydro-ergotaminc 
(DHE45, Sandoz). 

Seventy-two normal dogs were used in these experiments. At operation a loose ligature 
was placed around the circumflex branch of the left coronary artery close to its origin. Twenty- 
four hours later, occlusion was effected by traction on the loose ends of the ligature. Three groups 
of axperiments were carried out using Demerol, ergotamine -tartratei and dihydroergotamine. 
In addition, the coronary arteries of eight dogs were digated without the use of drugs, as a check 
on technique and the mortality rate in conscious dogs. Except in the control animals, the drugs 
were given before the ligation. Electrocardiograms were taken before and after the administra- 
tion of the drug, before, during, and for thirty minutes after ligation, and then intermittently 
for some time after the occlusion. An autopsy was performed on all animals that died. “Sudden 
death,” for the purpose of these studies, means death within the first twenty-four hours. 

Including the former control series of sixteen dogs reported in a previous study, the mor- 
tality for the untreated group was eighteen deaths in twenty-four dogs Avithin the first riventy- 
fpur hours, or 75 per cent. ■ 
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Demerol was given intramuscularly to twelve dogs in doses of 10 mg. per kilogram of body 
weight, followed by a second injection of 5 or 10 mg. per kilogram intravenously fifteen to twenty- 
five minutes later. This drug did not afford much protection against cardiac irregularities, tachy- 
cardia, and fibrillation following sudden coronary occlusion. The outstanding feature was the 
rapid onset of ventricular tachycardia, which occurred in eleven experiments and within two to 
four minutes terminated in fatal ventricular fibrillation in seven of the twelve animals. Only 
fi\'e of the twelve dogs survived the twenty-four-hour period. 

Ergotamine tartrate was administered to thirteen dogs. In the first two animals, O.S mg. 
per kilogram of ergotamine tartrate was given intravenously. In view of untoward effects, a 
dose of 0.25 mg. per kilogram was given to the remaining eleven dogs. Shortly after the intra- 
venous injection of ergotamine tartrate the animals showed marked muscular weakness, most 
apparent in the limbs. Increased respiration and dyspnea, which in several animals was of an 
asthmatic nature, were prominent features. Ergotamine tartrate in doses of 0.25 mg. per kilo- 
gram was effective in inhibiting the development of ventricular fibrillation and so reduced the 
“immediate” mortality. A delayed cardiac death, however, occurred twelve to eighteen hours 
later in 70 per cent of the animals. 

Dihydroergotamine (DHE 4 ;) was given intravenously, 0.4 mg. per kilogram, to twenty- 
three animals four to five minutes prior to the occlusion. Although most of the animals appeared 
slightly unsteady following the occlusion, the general collapse and weakness and toxic appear- 
ance that was such a prominent feature in the ergotamine series was not apparent. Clinically, 
these animals appeared more like the control dogs that survived the immediate effects of the 
occlusion. Seven of the twenty-three dogs died within the twenty-four-hour period following 
ligation (30 per cent mortality). Three of these died in ventricular fibrillation within twelve min- 
utes following occlusion (13 per cent mortality). The remaining four died seventeen to nineteen 
hours after ligation. In comparison with the ergotamine tartrate series, it is apparent that 
DHE 45 was not only similar in its protecting action against the ventricular fibrillation mechanism, 
but also significantly increased the survival rate. 

Bellbt. 


Szckcly, P,, and Snailh, L. ; The Heart in Toxemia of Pregnancy. Brit. Heart J. 9:128. 

(April), 1947. 

This paper is based upon the observations made in nineteen unselected cases of toxemia of 
pregnancy. The majority of cases were classified as severe, the criteria being subjective symptoms, 
such as headache, vomiting, and visual disturbance, and objective findings, such as height of 
blood pressure, edema, albuminuria, and the occurrence of eclamptic convulsions. 

In the present series, a total of seven patients (37 per cent) were thought to have significant 
changes in the heart; two showed clinical changes only, four showed electrocardiographic changes 
only, and one showed clinical and cardiographic evidence of cardiac involvement. The electro- 
cardiographic changes were indicative of myocardial damage in at least five cases, because they 
occurred in both standard and chest leads, and persisted for sometime after delivery, so that the 
alteration in the anatomical position of the heart during pregnancy could be excluded as a causa- 
th e factor. The changes in the heart appear to be temporary, but their duration varies con- 
•■'iderably. The changes may not only persist for some time after delivery, but may become 
greater in the post-partum period. 

The obsen.fations of the authors indicate that gross cardiac enlargement is not a feature 
o toxemic cardiac lesion, irrespective of the presence dr absence of cardiac failure. Only 

one of (he cases showed enlargement of the left ventricle. If gross cardiac enlargement is present. 
It prora y indicates either antecedent hypertension or heart disease which is not “toxemic” in 
origin. ere is nothing to suggest that pericardial effusion is present in toxemia or pregnancy 
to account or t e electrocardiographic changes or the heart failure. Toxemia of pregnancy 
lb an acute \ascular disorder; in this respect, it closely resembles acute glomerulonephritis. 

Although con\ incing proof is still lacking of direct damage to the myocardial vessels in 
toxemia o pregnane}, in the light of the clinical and anatomic findings, the possibility of struc- 
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tural damage to the small branches of the coronary arteries cannot be excluded with certainty 
The true significance of the observations presented in this paper is their demonstration that 
cardiac involvement is not uncommon in toxemia of pregnancy. The authors believe that some 
of the cases of acute ante-partum or post partum cardiac failure of undetermined etiology may 
be instances of toxemia even if the recognized signs of the latter condition are not convincingly 
present; and that some of the cases of vascular collapse kno%yn as “obstetric shock" may be 
instances of true toxemia. 

Bellet. 


Acosta, F. R.: Ayerza’s Disease. Rev. cubana de cardiol. 65:00 (April), 1947. 

Three factors must be present in the pathogenesis of Ayerza's disease: 

(1) Primary sclerosis of the fine- and middle-sized branches of the pulmonary artery with 
resulting hypertension of the lesser circulation. (2) Hypertrophy and dilatation of the right 
ventricle with ultimate right-sided failure. (3) Extensive pulmonary lesions, consisting of fibrosis, 
emphysema, and bronchitis. These alveolar lesions produce hypoventilation and irregular gaseous 
exchange which result in decreased oxygen saturation and increased carbon dioxide content 
of the arterial blood, and thereby produce the intense cyanosis and dyspnea which characterize 
the disease and give its victims the name of "black cardiacs.” 

Gold, 

Binet, L., and Burslcin, IVt.; Action of Carbon Dioxide on the Tonus of Peripheral Ves- 
sels. Compt. rend. Soc. de biol. 141:488 (May), 1947. 

The circulatory effects of breathing various concentrations of carbon dioxide were studied 
in the perfused foot of. the dog. It was found that hypercapnea caused an intense peripheral 
vasoconstriction which persisted after section of the four depressor nerves. Hypocapnea was 
accompanied by an often marked degree of peripheral vasodilatation. The direct action of car- 
bon dioxide on the peripheral vessels appeared to be insignificant. 

Laplace. 

Charller, R., and Philppol, E. : Hypotension in the Right Ventricle During Occlusion 

of the Carotid Arteries. Compt. rend. Soc. de biol. 141:531 (May), 1947. 

Observations were made of the effect produced by occlusion of the common carotid arteries 
on the pressure in the right ventricle. The experiments were performed on anesthetized dogs. 
•A catheter attached to a manometer was inserted into the right ventricle by way of the right 
external jugular vein. The inertia of the system was such that only the pressure during diastole 
was recorded, i.e., the venous filling pressure. Cardiac output, arterial pressure, and peripheral 
venous pressure were also measured. 

It was found that occlusion of the common carotid arteries, irrespective of whether or not the 
vagi were intact, caused a rapid, sustained increase in right intraventricular pressure. Release 
of the carotid occlusion was followed by a slow fail of pressure to the previous level. The accelera- 
tion of pulmonary blood flow which accompanied occlusion of the carotid arteries was attributed 
to the increased pressure in the right ventricle. 

Laplace, 

Vazquez, .T. O., Monlcro, J. C., and Gonzales, P. P.: Transient Right Bundle Branch 

Block Following Thoracoplasty. Rev. espan. de cardiol. 1:246 (May), 1947. 

A 33-year-old woman had^ right bundle branch block for at least seven months following a 
left-sided thoracoplasty with resection of the first five ribs. Nine months after the operation a 
normal record was obtained. No other evidence of cardiovascular disease was present. Only one 
electrocardiogram taken before, one seven, and one nine months after the operation were available. 

Hecht, 
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Turn Sudcn, Caroline: Effect of Adrenocortical and Sympathicoadrenal Factors on tbe 
Cardiovascular Sensitivity to Potassium in the Rat. Am. J. Physiol. 149:589 (June), 
1947. 

Ergotamine tartrate increased about threefold the susceptibility of intact rats to repeated 
injections of potassium chloride, as evidenced by circulatory collapse. Moderate deficiencies of 
adrenocortical activity favor a- potassium-induced circulatory collapse by permitting a more 
rapid rise in extracellular potassium, whereas inactivation of adrenergic mechanisms by sympa- 
tholytic agents may sensitize the cardiovascular system of the rat to potassium at low values. 
The combination of both dysfunctions produced an acute susceptibility to potassium. The in- 
creased susceptibility of ergotamine-treated rats to potassium was further enhanced by histamine 
but histamine itself had no appreciable effect. 

Bernstein. 


Eckenhoff, J. E., Hafkcnschiel, J. H., Landmesser, C. M., and Harmel, M.: Cardiac 

Oxygen Metabolism and Control of tbe Coronary Circulation. Am. J. Physiol. 

149:634 (June), 1947. 

The original purpose of these experiments was to examine the thesis that the coronary ves- 
sels, like the cerebral vessels, possess an effective intrinsic control in relation to the metabolic 
requirements of the tissue. The data do not afford any evidence as to the mechanisms involved 
in these adjustments, whether nervous or chemical, and, if the latter, the exact identity of the 
chemical factors. From the demonstration that anoxemia, excess hydrogen ions, acetylcholine, 
and epinephrine are all capable of dilating the coronary arteries, it is concluded that no one chemi- 
cal agent need be selected as being solely or predominately involved; the effect is more likely to 
be due to the consensual and simultaneous effects of all the demands and products of cardiac 
metabolism. The authors were not able to demonstrate any effective vasomotor control over 
the coronary circulation under the experimental conditions. 

When the blood pressure was increased, cardiac output and cardiac work fell, while cardiac 
oxygen consumption increased, with consequent decrease in efficienciv When cardiac output 
was primarily increased, cardiac work, cardiac oxygen consumption, and cardiac efficiency all 
increased, even though the blood pressure rose concurrently. When, as a result of anoxemia, 
cardiac output fell while blood pressure and oxygen consumption remained unchanged, cardiac 
efficiency decreased. Ail this suggests that a fall in blood pressure without a decrease in cardiac 
output, such as may occur in spinal anesthesia or circulatory collapse, may not be as ominous 
as it is generally believed to be. 

The heart appears to be safeguarded against anoxia by three mechanisms; (a) decreased 
tonus in the coronary vessels; (b) diversion of a relatively larger fraction of total cardiac output 
to the coronary circulation; (c) decreased cardiac work, perhaps associated with increased cardiac 
efficiency consequent to the fall in aortic pressure. 

Bernstein. 


Karpovich, Peter V.: Breath Holding as a Test of Physical Endurance. .'\m. J. Physiol* 
149:720 Gune), 1947. 

Since many previous investigators had considered breath holding as a test of cardiorespira- 
lor> fitncas, it was decided to find the relationship between breath holding and standard physical 
activiti^ « hich place considerable demands upon the cardiorespiratory function. As determined, 
^ mients of correlation between the breath holding tests and the treadmill running time 

an e anard test score are not statistically significant. For this reason, breath holding tests 
prediction of endurance. The time the breath can be held apparentlj' measures 
tea ! it> to withstand the discomfort caused by breath holding and in no w’ay assesses phi'sical 


Bernstein. 



American Heart Association, Inc. 

1790 Broadway at 58th Street, New York, N. Y. 
Telephone Circle 5-8000 


Program of the Twenty-First Scientific Sessions of the American Heart Association, 
June 18-19, 1948, North Ballroom, Stevens Hotel, Chicago, 111. 

■ Essayists, except the George Brown Memorial Lecturer, will be restricted to fifteen minutes; 
discussers, to three minutes. Each discusser will speak from the rostrum after a notation including 
his name, address, and the presentation to be discussed has been handed to the secretary. Ques- 
tions laclang general interest should be directed to essayists privately after discussion has been 
completed. Each essayist must leave his manuscript with the presiding officer. All manuscripts 
will be considered the property of the American Heart Association, and will be forwarded to the 
Editor of the American Heart Journal for consideration for publication in that Journal. 

First Session 2:00 P.M., Friday, June 18 
Second Session 9:00 a.m., Saturday, June 19 
Third Session 2:00 P.M., Saturday, June 19 

The following is the program of papers to be read to the Scientific Sessions: 

“George Brown Memorial Lecture,” by Edgar V. Allen, Mayo Clinic, Rochester, Minn. 

“A Clinical Study of Subacute Bacterial Infection Confined to the Right Side of the Heart or 
the Pulmonary Artery,” by Paul S. Barker, University of Michigan Medical School, Ann 
Arbor, Mich. 

"Plasma and Blood Infusion Following Myocardial Infarction,” by John J. Sampson and Isidore 
M. Singer, Harold Brunn Institute" for Cardiovascular Research, Mt. Zion Hospital, San 
Francisco, Calif. 

‘Report of the Committee for the Evaluation of the Use of Anticoagulants' in the Treatment of 
'Coronary Thrombosis With Mj'ocardial Infarction,” by Irving S. Wright, Chairman, New' 
York, N. Y. 

“Anijnadversions Upon the Nature and Cure of the Dropsy; Particularly on the Optimal Intake 
of Water for Edematous Cardiac Patients,” by Ferdinand R. Schemm, Great Falls Clinic, 
Great Falls, Mont. 

‘Surgical Treatment of Aneurysms of the Aorta and Its Large Branches,” by Gerald H. Pratt, 
New York Hospital, New York, N. Y. 

“The Diagnosis of Interauricular Septal Defect,” by Richard S. Cosby and George C. Griffith, 
Los Angeles County General Hospital, Los Angeles, Calif. 

“Production of Arteriosclerosis in Dogs by Cholesterol and Thiouracil Feeding,” by Alfred Steiner, 
Forrest E. Kendall, and Margaret Bevans, First (Columbia) Division, Goldwater Memorial 
Hospital, New York, N. Y. 

“Arterectomy in the Treatment of Ischemic Neuritis Following Arterial Occlusion,” by Norman E. 
Freeman, Frank H. Leads, and Richard E. Gardiner, University of California Medical 
School, San Francisco, Calif. 

“Differentiation of the Change in the Q-T Interval of the Electrocardiogram in Hypocalcemia 
and Hypopotassemia,” by A. Carlton Ernstene and William L. Proudfit, Cleveland Clinic, 
, Cleveland, Ohio. 

“Studies on the Circulation With the Use of Radio-Active Tracers,” by Myron Prijnzmetal, 
Cedars of Lebanon Hospital, Los Angeles, Calif. 
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“The Water Tolerance of the Hypertensive Patient: Its Relation to Operability,” by Geza de 
Takats and Edson F. Fowler, University of Illinois College of Medicine, Chicago, 111. 

"Clinical Studies on Twenty-One Cases of Coarctation of the Aorta,” by M. J. Shapiro, Children’s 
Heart Hospital, Minneapolis, Minn. 

"Normal and Impaired Function of the Superficial Veins,” by J. B. Hickam and R. P. McCulloch, 
Duke University School of Medicine, Durham, N. C^ 

“Pathology of the Pulmonary Arterioles in Aortic Coarctation Associated With Patent Ductus 
Arteriosus,” by Jesse E. Edwards, Howard B. Burchell, and Norman A. Christensen, Mayo 
Clinic, Rochester, Minn. 

"Studies of Arterial Oxygen Saturation in Patients With Suspected Arterial Hypoxemia Utilizing 
a Modified Oximeter,” by J. E; Jeraci, G. E. Montgomery, and E. H. Wood, Mayo Clinic, 
Rochester, Minn. 

“Biomicroscopy of Conjunctival Vessels in Hypertension,” by Arthur Lack, Travis Winsor, 
William Adolph, and Walter Ralston, University of Southern California School of Medicine, 
Los Angeles, Calif. 

“Correlation Between the Decrease in Coronary Flow and the Electrocardiographic Changes in 
Progressive Coronary Occlusion,” by Rene Wegria, Marcel Seegers, and Richard P. Keating, 
Presbyterian Hospital, New York, N. Y. 


Papers to be read of time permits. 

"Cardiac Effects of Non-Pressor Sympathomimetic Compounds,” by M. H. Nathanson, Uni- 
versity of Southern California School of Medicine, Los Angeles, Calif. 

“Dissecting Aneurysm of the Aorta in World War II; Clinical and Pathological Study of Eighty- 
Five Cases," by Vincent J. Seiwert and Ira Gore, Army Institute of Pathology, Washing- 
ton, D. C. 

"The Pathogenesis of Diastolic Hypertension,” by Peter Heinbecker, Washington University 
School of Medicine, St. Louis, Mo. 

“The Heart in the Terminal State: Effect of Intracardiac Epinephrine,” by Edward Massie, 
Charles H. Huguley, and Hyman S. Stillerman, Washington University School of Medicine, 
St. Louis, Mo. 

“The Use of Veratrum Viride in the Treatment of Essential Hypertension," by Edward D. Freis, 
Joseph R. Stanton, and Robert W. Wilkins, Boston University School of Medicine, Boston, 
Mass. 

“Evaluation of Three Methods for Determining the Rate of Dissipation of Digo-xin in Man,” 
by Robert C. Batterman and Arthur C. DeGraff, New York University College of Medfcine, 
New York, N. Y. 

' The Clinical Significance of the_U Wave in the Electrocardiogram,” by Stephen Elek, L. S. 
Gottlieb, and George C. Griffith, University of Southern California School of Medicine, 
Los Angeles, Calif. 
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THE DRUGS 


Dale’s original experiments were carried out with crude ergot extracts and 
ergotoxine. The latter was isolated in 1906 by Barger and Carr^ and by Kraft.-® 
There \ras no doubt that ergotoxine was not a pure substance and in 1918, 
StolP® isolated ergotamine which, pharmacologically, was practically indis- 
tinguishable from ergotoxine® but one-half as toxic.®® Ergotamine quickly 
found widespread therapeutic application because of its prompt and powerful 
effect on the uterine muscle. Its beneficial effect in migraine was first recognized 
by Maier®® and has since become one of the main indications in the usage for 
this drug. In 1935, a new ergot alkaloid was independently isolated by Stoll 
and Burckhardt,®® Dudley and Moir,®® Thompson and Kharasch and Legault,®^ 
which the various workers termed ergobasine, ergometrine, ergostetrine, and 
ergotocine, respectively. In 1936, a joint report by the teams concerned®® estab- 
lished the chemical identity of the respective principles. The new drug had a 
marked and almost selective ox 3 ’^tocic action on uterine muscle. During the 
same period, Smith and Timmis®^ (1932) and Jacobs and Craig (1935)^® suc- 
ceeded in identifying lysergic acid as the principal and characteristic constituent 
of all ergot alkaloids, and in 1938 its formula was definitely established by Jacobs 
and Craig.®® In the same year, Stoll and Hofmann®® achieved the sjmthesis 
of ergobasine. 

Three additional alkaloids were isolated from ergotoxine by the same 
authors'*® in 1943, one of which had, however, already been known as ergo- 
cristine. The other two they termed ergokryptine and ergocornine. These 
three alkaloids were different from each other in both their chemical and physi- 
cal properties. By 1943, therefore, the following alkaloids of the ergot group 
were known: ergotamine, ergobasine, ergokryptine, ergocornine, and ergocristine. 
Lj^sergic acid being readily transformable into its isomer, isolysergic acid, it 
follows that each of the various ergot alkaloids has its isomer which, however, is 
pharmacologically inert. It is the levorotatory of the two compounds which is 
pharmacologically active. All active compounds except ergobasine, which is 
purely oxytocic, contained both active principles; that is the direct effect on 
smooth muscle and the sympathicolytic component. 

The next important step came from Stoll and Hofmann"*^ when in 1943 


thej’ demonstrated that well-defined compounds of the ergot alkaloids could 
be obtained by h^'drogenating the readily reducible double bond of their lysergic 


acid. In this way the^' produced four new compounds; dihj’droergqtamine, 
dihydroergocristine, dih\^droergocornine, and dihydroergokrj'ptine. These 
hydrogenated derivatives were less toxic and less emetic than the original alka- 
loids and it was found that h^'drogenation increased the sympathicolytic effect 
and diminished or abolished the direct action on smooth muscle.®'-' 

It is this aspect, in particular, which makes the new compounds of special 
interest and which stimulated this study for which the followdng substances 
were available; ergotamine tartrate (Gynergen), dihydroergotamine (DHE 45), 
and dihydrcergocornine (DHO 180).* 


♦The preparations 
Bitsle. Switzerland. 


were made available through the courtesy of Prof. E. Eothlin, Sandoz Limited, 



BLUNTSCIILI AND GOETZ*. EFFECT OF ERGOT DERIVATIVES ON CIRCULATION 875 

I^IETHODS AND MATERIAL 

« Continuous records of the peripheral circulation were obtained by means 
of the Goetz optical digital plethysmograph described in detail elsewhere. 
This sensitive method not only allows correct registration of the height of the 
volume pulse, but also calculation of the arterial inflow at any one moment by 
means of the so-called venous congestion test.’^ As is seen in various tracings, 
the respiration was continuously recorded simultaneously with the plethysmo- 
gram,‘and the skin temperature of one or more digits measured by means of 
a mirror galvanometer and thermocouples. The blocd pressure was taken at 
regular intervals by clinical methods and the heart rate, of course, was available 
from the plethysmogram. Electrocardiographic tracings were taken at various 
intervals in many individuals. The drugs were given either by continuous intra- 
venous infusion or by instantaneous intravenous injection, the mode of ad- 
ministration being indicated on every figure or chart. For intravenous infusion 
two drips were set up, connected via a two-way tap to the needle, and by merely 
turning the tap the drug could be administered or withheld without the patient 
being aware of it. Intravenous infusion was preferred because the interference 
resulting from the psychical trauma accompanying puncture of the vein could 
be avoided by administering saline for a considerable time before the drug was 
given. The drugs were tested on twenty-four subjects. In some of them, sym- 
pathectomies on one or more extremities had been carried out for various 
reasons, as stated in the legends of the respective figures. Additional in- 
formation was available from twenty-four hypertensive patients who had 
been given the drugs for investigations repotted elsewhere.*^ All patients 
used for. this study reclined comfortably on a bed, usually wearing a- suit 
of pajamas. The tests were carried out after a rest of thirty to sixty minutes. 
By that time, the volume records showed a minimum of spontaneous fluctuations 
in peripheral blood flow. If required, reflex vasodilatation was obtained by im- 
mersion of one or two extremities into a specially built tank containing water of 
44 to 45° C., and covering the subject with blankets in order to prevent the dis- 
sipation of heat. An immersion heater connected in series with a thermostat 
and a stirring propeller were fixed in the tank to keep the water temperature 
constant at that level. 

RESULTS 

The Effect of Gyiiergen on the Ciretdation in Normally Innervated and Sym- 
pathectoniized Limbs. — Intravenous injection of Gynergen produces inconstant 
and complex changes in the peripheral circulation, depending on the dose and be- 
cause of the conflicting action of the two active constituents, that is, the direct 
constrictor effect on smooth muscle and the syrhpathicolytic (vasodilator) 
principle. The effect in the normally innervated limb is thus the result of the 
interaction of both these components, and therefore, both constriction or dila- 
tation may be obtained depending entirely upon the dose and the preponderance 
of the action of one or the other component. This, in turn, depends on the state 
of the circulation (the vasomotor tone) in that particular subject at the time of 
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the injection. Obviously, if at the time of injection the \essels are dilated, 
sympathetic paralysis cannot be demonstrated. Vice versa, to demonstrate 
constriction the vessels should first be dilated. With vessels neither fully dilated 
nor fully constricted, Gynergen more often than not causes transient dilatation 
followed by prolonged constriction. However, occasionally the vessels, once 



I'ig. 1. The c/Tect of 0.25 mg. Gynergen (ergotamine tartrate) on the skin temperatures, heart 
rate, respiration, digital volume, and pulse volume (second left finger), all simultaneou.sly recorded. 
The leg had been sympathectomized for ulcers in 1943. The upper extremities were normal. (Mrs. 


initiated into dilating, remain dilated thereafter, particularly after small doses 
(Fig. 1). In Fig. 1 a small dose (0.25 mg.) of Gynergen was given by intravenous 
drip over a period of ten minutes, and the skin temperature of four digits, heart 
rate, respiration, finger volume, and pulse volume were continuously recorded 
for the next hour. Before the administration, the vessels of the upper extremi- 
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ties were under a high vasomotor .tone. Following the infusion, there was a 
definite and lasting increase in digital blood flow, as indicated by a rise in pulse 
volume from 0.003 c.c. to about 0.01 c.c. and a rise in finger volume by about 
0.7 c.c. within twenty minutes. The skin temperatures of the fingers rose 
simultaneously from 28° to 35° C.,- while those of the sympathectomized and 
consequently dilated toes actually showed a slight drop. These findings are 
readily explained as resulting from the sympathicolytic effect of the drug. Fig. 
2, A is an example of a case in which dilatation was less marked and followed by 





Fig. 2.— The effect of Gynergen on the peripheral blood flow (first right toe) before and fifteen 
days after lumbar sympathectomy for chronic crural ulcer as compared with the effect of DHO 180 
on the sympathectomized limb of the same patient. For explanation, see text. 

lasting constriction. The injection resulted in only a slight rise in pulse volume 
and thereafter full constriction of the peripheral vessels was recorded, the pulse 
volume becoming practically unregistrable after eighty minutes. The digital 
volume, too, showed only a slight increase (0.25 c.c.) within the first half hour. 
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and the skin temperatures did not change significantly. It is our experience 
that the sympathicolytic effect of the drug, that is, peripheral vasodilatation, 
is more readily recorded with the smaller doses ( + 0.25 mg.) but that in larger 
doses peripheral constriction becomes more prominent, completely overshadow- 
ing any possible vasodilator effects of the sympathicolytic principle. 

A detailed account of the changes in the pulse volume charted in Fig. 1 
demonstrates that the vessels were almost fully constricted before injection and 
the pulse volume consequently registered only 0.0025 cubic centimeter. Ten 
minutes after the commencement of the intravenous drip, no changes in pulse 
volume were as yet recorded, although the respiration which before was regular 
(18 per minute) had already become markedly slowed and irregular. Fifteen min- 
utes later a definite dilatation was recorded, the pulse volume having increased 
to 0.008 cubic centimeter. After a further twenty minutes the pulse volume was 
still the same and the respiration still depressed and irregular. 

If the same dose of Gynergen (0.25 mg.) is given to the same patient but 
the circulation in the sympathectomized limbs* recorded, the same effect is 
always registered: definite vasoconstriction. 

Fig. 2, A and B, is of particular interest since it illustrates the vascular 
reaction to Gynergen in one and the same digit before and after sympathectomy. 
Note the marked, immediate fall in pulse volume from 0.012 c.c. to 0.006 c.c. 
in the sympathectomized limb and the reduction in digital volume by 0.45 c.c., 
as against the transient dilatation before operation. Both digital volume and 
pulse volume remained at this low level in the sympathectomized limb for the 
following two hours during which the circulation was recorded. 

The cuttings from the oiiginal film (Fig. 3) give a verj’^ clear picture of the 
powerful constriction obtained. Two minutes after tlie injection the pulse 
V'^olume had already decreased from 0.012 c.c. to 0.008 c.c. and after five minutes 
it registered 0.006 c.c. only. Accompanying the reduction in pulse volume there 
was a steep fall in digital v'^olume. The respiration was not markedly affected 
in this patient, although the dose was larger than in the patient concerned in 
Fig. 1. It should also be noted that, contrary to the reaction in the normal 
subject, puncture of the v^ein did not produce any v'^asomotor reaction of either 
pulse v'olume or digital volume, giving proof of the completeness of the dener- 
vation. 

The effect of Gynergen in the sympathectomized limbs is obvdously due to 
the pharmacologic action of the drug on the vessel wall, resulting in vasocon- 
striction. ^ In none of our subjects did we record V'^asodilatation in a sympathec- 
tomized^ limb at any time and with any dose, indicating clearly that for its 
production the integrity of the sympathetic pathways is essential. 

By testing the circulatory effect of the drug in both a normal and a sympa- 
t lectomized extremity, the two components, that is, the direct pharmacologic 


nnrt sympathectomized limbs had been tested by various methods 

and the complete sympathetic denervation substantiated. 
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action and the sympathicolytic effect, can be separated and the direct acting 
principle can be demonstrated in its pure form. This procedure was followed for 
evaluating the effects of both dihydroergotamine and dihydroergocornine in the 
cases to be reported. 



Fig. 3. — The effect of 0,4.5 mg. Gynergon on the respiration (R) and the plethysmograro (P) of 
a sympathcctomizod limb (first right toe), same test as Fig. 2, B. Note the drop in digital volume 
and pulse volume. The former has been adjusted several times between the cuttings. 

White horizontal lines = calibration for pulse volume and digital volume. Change from lino to 
line = 0.01 cubic centimeter. 

Ordinates = 2 seconds. 


Effect on Blood Pressure and Heart Rate: Without going into any detail,' 
we should like to record that Gynergen invariably and in all doses caused a rise 
in systolic and diastolic blood pressure which varied between 10 and 40 per cent, 
with an average of 20 per cent, while the pulse rate tended to decrease by 10 
to 15 per cent. 

The Effect of Dihydroergotamine {DUE 45) on the Peripheral Circulation . — 
The effect of dihydroergotamine (DHE 45) on the peripheral circulation is es- 
sentially the same as that of ergotamine tartrate. Although StolF^ claims that 
dehydrogenation abolishes the direct action of the ergot alkaloids on smooth 
muscle, dihydroergotamine, like its original compound, ergotamine, in our ex- 
experiments still caused marked constriction in the sympathectomized extremity. 
In Fig. 4 we reproduce the effect of an intravenous injection of 0.3 mg. dihy- 
droergotamine on skin temperature, blood pressure, heart rate, digital volume, 
pulse volume, and rate of blood flow (as calculated by the venous congestion test, 
Goetz^^), all simultaneously recorded in a patient in whom all four limbs had been 
sympathectomized. The chart is self-explanatory. There was an instantaneous 
diminution in peripheral blood flow as expressed by a drop in digital volume and 
pulse volume. The rate of blood flow actually diminished by about 60 per cent, 
while the blcod pressure simultaneously rose from 115/80 to 140/90 and the 
heait rate dropped from 85 to 60 beats per minute. A detailed account of the 
effect of dihydroergotamine on the pulse volume, heart rate, and respiration is 
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temperatures, blood pressure, heart rate ditritai - (DHE 45) on the skin 

flow, all simultaneously recorded in n tolume (first right toe), pulse volume, and rate of blood 

Raynaud's disease. (Left upper Jan 21 ^tmbs had been sympathectomized for 

omy, March g, 1944.) For explanation see texu"^ * sympathect- 
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available from' Fig. 5. Before the injection, the pulse volume reached 0.018 
cubic centimeter. Ten minutes after the injection, however, it was only 0.01 
c.Cm and the heart rate had dropped from 85 to 60 per minute during the same 
period. The changes occurring in the rate of blood flow, as calculated from 
•venous congestion tests, are illustrated in Fig. 6. Before the injection the rise 



Fig. 5 . — Cuttings of the plethysmographic records of the test charted in Figr4, showing respira- 
tion a;nd pulse volume (first right too) of sympathectomized limb before, and following, the injection of 
0.3 mg. dihydroergotamine (DHE 45). Note slowing of pulse, vasoconstriction, and irregularities in 
respiration after DHE. 

■Wliito horizontal lines = calibration for pulse volume and digital volume. Change from line to 
line = 0.01 cubic centimeter. 

Ordinates = 2 seconds. 

Reduction of original tracings to 2/, 3. 


in digital volume on venous congestion amounted to about 0.07 c.c. during two 
seconds (Fig. 6,^). Ten minutes after the injection (Fig. 6,B) it had dropped 
to slightly more than 0.02 cubic centimeter. When calculating the rate of blood 
flow according to the formula previousl)^ given this fall corresponds to a 




coiigcstion tests before and after 0.3 mg. dihydroergotamine in the same patient 
tho t obtainwl. A, Venous congestion before DHE. B, Five minutes after 

the vein ^ reduction In arterial inflo^v. tbe ditnjnution in tbe height of 

the pu].se volume, and the irregularities in respiration. , 

I!nc= o!m cubk^contiraetcr!^ caliliration for pulse volume and. digital volume. Change from line to 

Ordinates = 2 seconds. . ' 

tion fret Respiration, P= plethysmogram. and PH= pre,ssure for venous conges- 

Reduction of original tracings to 2/3. 
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drop from 60 c.c. per minute for 100 c.c. of tissue to about 20 c.c. per minute for 
100 c.c. of tissue. The changes in respiration are well illustrated in both Figs. 

5 and 6. ' . - ' 

;This diminution in peripheral blood flow is not very transient. It takes at 
least eighty minutes’ for the blood pressure to return to normal, while the rate 
-of blood flow and heart rate are not back to the original -level even after that 
period; The effect of dihydroergotamine on the peripheral circulation has been, 
the same in , the sympathectomized limbs of all subjects, irrespective of the dose, 
and in Fig. 7 the reaction of the pulse volume and digital volume to the intra- 
yenous injection of 1.0 mg. . dihydroergotamine in anotlier^ patient leaves no 
doubt as to the constrictor effect of this drug on the peripheral vessels. The' 
pulse, ivoiume decreased rapidly from 0.012 c.c to 0.005 c.c. as the drug was being 





Fig. 7. — The cirect of DUE (I.O rag. intravcnouslj') on the respiration and plethysmograra (first 
left toe) in a sympathcctoraizcd lirab (double lumbar sympathcctpmy on Oct. 31, 1944, for crural ulcers). 
The digital volume has boon adjusted several times between ;thc cuttings following the injection of 
the drug. 

White horizontal lines = calibration for pulse volume and digital volume. Change from lino to 
lino = 0.01 cubic centimeter. 

, Ordinates = 2 seconds. 

injected, and. remained at the latter value thereafter. The toe volume, in con- 
sequence,, decreased sharply. In Fig. 7, both pulse volume and digital volume 
reached, their lowest values after about four minutes. The respiration of this 
subject was. not markedl}^ affected by the injection. Ih.generalplarger doses of 
dihydroergotamine are tolerated, since the drug is definitely less toxic than its 
original compound, ergotamine tartrate, as has already been stated by Rothlin®” 
and Stoll.^'^ 

Consequently, the effect of dihydroergotamine (DHE 45) on the peripheral 
circulation in normally innervated limbs is, like that of ergotamine, a mixture 
of both the direct pharmacologic effect on the peripheral blood vessels and of the 
paralysis of sympathetic impulses. Therefore, like ergotamine, various reac- 
■ tions are obtained, depending upon the vasomotor tone .and upon the dose. 
However, it appears that the direct pharmacologic action is less marked in this 
derivative than in the original compound. 
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As for the effect of dihydroergotamine on the blood pressure in normal 
subjects, the most common finding in our series was a rise in both the systolic 
and diastolic blood pressures. However, a definite fall, particularly following a 
transient rise, has been observed in a number of cases. 


The Effect of Dihydroergocornine {DHO 180) on the Peripheral Circulation . — 
Contrary to the effect of both ergotamine and dihydroergotamine, the response 
of the peripheral circulation to dihydroergocornine, if present, is always the 
same, that is, vasodilatation. Fig. 8 illustrates the changes in pulse volume, 
digital volume, heart rate, and respiration observed after intravenous injection 
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Fig. S.— The effect of intravenous injection of 1.0 mg. dihydroergocomine (DHO 180) on the 
peripheral blood flow (first right toe), respiration, and heart rate in a normal subject. For explanation 
see text. 

of 1.0 mg. dihydroergocornine (DHO 180) in a normal individual. Following 
the injection a marked dilatation was observed, being at its maximum about 
seyen minutes following the injection. The pulse volume rose within a few 
minutes from 0.012 c.c. to 0.04 c.c., which means that the vascular tone had been 
completely abolished, and returned to the original height only after about two 
hours. The toe volume correspondingly increased by 0.5 cubic centimeter. 
In other subjects, the injection of dihydroergocornine resulted in an increase 
in the circulation to full vasodilatation level and the vessels remained fully 
dilated while under observation. 

The changes in blood flow following the injection of 1.0 mg. dihydroergo- 
comine are most striking in the cuttings from the original tracing (Fig. 9). 




Whito horizontal lines = calibration for pulse volume and digital volume.' Change from line to lino = 0.01 cubic centimeter. 
Reduction of original tracings to 2/3. 





Fig. lO.-Tlic elTect of iiuravcnous injection of 0.3 mg. diliydrocrgocomine (DHO 180) on tin 
skin temperature, the blood pressure, heart rate, toe volume (first right toe), pulse volume, and rate o: 
blood flow, all simultaneously recorded in a patient in whom all four limbs had been sympathectomizee 
for RajTiaud’s disease (left upper limb, Jan. 21, 1944; right upper limb, Feb, 17, 1944: double lumbai 
sympathectomy, March 9, 1044). Compare with the effect of DHE in the same subject (Fig. 4). Fo: 
explanation see text. 
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Before the injection the pulse volume registered 0.012 cubic centimeter. Four 
minutes after the injection it had risen to 0.025 c.c. .and three minutes later its 
value was 0.035 c.c., remaining. at that level for the next sixteen minutes. 
Seventy-eight minutes after the injection, the pulse volume was still increased, 
being 0.02 c.c., and only after two and one-half hours following the injection 
was the initial level of 0.012 c.c. reached. 




Fig. 11. — Cutting.s from the original plethysmographic tracing to indicate the increase in pulse 
volume obtained following 0.3 mg. DHO and charted in Fig. 10. Note also the reduction in heart rate. 

AVhite horizontal lines = calibration for pulse volume and digital volume. Change from line to 
line = 0.01 cubic centimeter. 

Ordinates = 2 seconds. 

Reduction of original tracings to 2/3. 


In the sympathectomized extremity, dihydroergocornine, in contrast to 
ergotaniine and its hydrogenated compound, dihydroergotamine, did not pro- 
duce any diminution in the peripheral blood flow in any of the twenty -four sub- 
jects examined. A typical example of its effect is illustrated in Fig. 10. The 
intravenous injection of 0.3 mg. dihydroergocornine produced a fall in blood 
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pressure and heart rate, while both pulse volume and digital volume actually 
increased slightly. Correspondingly, the rate of blood flow, as calculated from 
venous congestion tests, tended to be slightly greater. The increase in pulse 
volume, in our opinion, was not due to active vasodilatation but can be explained 
by an increase in the stroke volume of the heart associated with the fall in heart 
rate. The actual changes in pulse volume are very -well illustrated in Fig. 11. 



Fig. 12. Comparison of the effect of I.O mg. DHE and 1.0 mg. DHO on the peripheral Wood flow- 
in a sympathectomized limb (double lumbar sympathectomy, Oct. 31, 1944, for crural ulcers). Note 
the marked reduction in blood flow following the injection of DHE and the absence of this constriction 
folloiving the injection of DIIO. 

The difference in the action of the two drugs, that is, of dihydroergotamine and 
of dihydroergocornine, becomes verj' obvious when we compare the results ob- 
tained from the injection in one and the same subject (Fig. 12). The diminu- 
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tion, both in pulse volume and digital volume following dihydroergotamine, 
appears to be very pronounced when contrasted with the inertia of both follow- 
ing the injection of dihydroergocornine. The effects of dihydroergotamine and 
dihydroergocornine may also be compared by consulting Figs. 10 and 4, which 
were obtained in one and the same subject. 

Two points emerge from these findings: first, that dihydroergocornine 
does not contain the principle acting directly on smooth muscle and causing 
peripheral vasoconstriction, but is purely vasodilator, and second, that this 
vasodilatation is not a direct effect on the smooth muscle but is dependent on 
the integrity of the sympathectic pathways. From experiments carried out 
by previous authors, we have to assume that we are dealing with the sym- 
pathicolytic component. Dihydroergocornine, therefore, acts purely as a sym- 
pathetic inhibitor. 

Investigations concerning the effect of dihydroergocornine on the blood 
pressure have been reported elsewhere.® The effect depends entirely upon the 
dose. Small doses (up to 0.5 mg.) produce a fall; larger doses, usually a rise in 
blood pressure. However, the relative dose varies from subject to subject, that 
is, 1.0 mg. may cause a fall in one and a definite rise in another patient. A 
smaller dose in the latter will produce a fall. The heart rate, on the other hand, 

, consistently shows a fall, irrespective of the behavior of the blood pressure. 

DISCUSSION 

Dale, in 1906, first postulated that ergot alkaloids produce firstly a specific 
paralysis of the sympathetic motor elements which adrenaline stimulates, and 
secondly a stimulation of plain muscular organs. It was Rothlm^®*2“ who later 
could demonstrate that inhibitory, adrenergic functions of the sympathetic 
pathways are paralyzed as well. We havef therefore, to assume that ergot 
paralyzes all adrenergic function. Until recently, all available ergot prepara-, 
tions, except ergobasine which is purely oxytocic, contained both these ergot 
components. The effect of ergot alkaloids on the peripheral circulation, there- 
fore, was inconstant and rather complex on account of the conflicting actions of 
the two constituents, that is, vasoconstriction and vasodilatation competing with 
each other. By analyzing the effect of the drugs before and after sympathec- 
tomy, we could demonstrate that the sympathicolytic action is dependent upon 
the integrity of the sympathetic pathways. In the sympathectomized limb, 
dilatation is no longer obtained and the direct pharmacologic action on plain- 
muscular o gans reveals itself in its pure form. It could be demonstrated that in 
the sympathectomized limb ergotamine tartrate produces a marked reduction 
in the peripheral blood flow, as judged by the plethysmogram. Our results, 
therefore, confirm those already reported in human subjects by various other 
authors, except, perhaps, that our results in contrast to the earlier investiga- 
ti.ons^2 have been quantitative as well as qualitative. Graham and Wolffs® have 
demonstrated that the effect of ergotamine tartrate in cases of migraine results 
from the vasoconstrictor action of the drug on the cranial arteries. They iound 
that the skin temperature changes w.th small doses only, that the pulse rate 
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declines by about 18 per cent, and that there is a rise in blood pressure of about 
20 per cent. Their results confirm those of Pool and co-workers, von Storch 
and Meritt,'*^ and Lev and Hamburger.^^ 

It was the possibility of eliminating the direct pharmacologic action on 
smooth muscle of ergotam'ne and of producing a drug with a purely sympatlii- 
colytic effect which led Stoll and Rothlin to develop new ergot derivatives. 
Rothlin'^®-^^ and Rothlin and Bruegger^* could demonstrate in animal experi- 
ments that hydrogenation of the ergot alkaloids produces this increase in sympa- 
thicolytic effect, and at the same time, reduces the action on smooth muscle. 
The few clinical results so far available as to the effect of the hydrogenated ergot 
derivative, dihydroergotamine, seem to confirm this. Hartman^*^ gave the drug 
to t^^•enty patients intramuscularly and found no demonstrable effect on the pulse 
rate,- the blood pressure, the pulsations in the radial, the dorsalis pedis, and 
posterior tibial arteries, or in the color and temperature of the sk'.n of the ex- 
tremities. Exactly the same results were reported by Horton and associates.’^' 
Imfeld,’® on the other hand, speaks of vasodilatation in cases of Raynaud’s 
phenomenon, intermittent claudication, thromboangiitis obliterans, angina 
pectoris, and acrocyanosis. However, the circulation ip most of his cases was 
evaluated by the clinical picture only. His dose was 1.0 to 2.0 mg. subcutane- 
ously and 1.0 mg. intravenously; he observed a fall in blood pressure in one 
person, no effect in tvvo, and a rise in four of his subjects. Rothlin,®® Stoll,®® 
Bruegger,® Rothlin and Bruegger,®® Imfeld,’® and Spiihler®® all hold that dihy- 
droergotamine has hardly any, or even no effect whatsoever, on smooth muscle. 
The effect on the peripheral circulation in man has, however, never been criticallj'’ 
analyzed with sensitive, quantitative methods. Using the Goetz plethysmographic 
method, we demonstrated that dihydroergotamine, like its original compound, 
ergotamine, will diminish the peripheral blood flow in the sympathectomized 
limb. It is, therefore, certain that dihydroergotamine still contains the direct 
pharmacologic action on smooth muscle and is not a purely sympathicolytic 
drug. However, vasoconstriction from dihydroergotamine is less pronounced 
and apparently less lasting tlian from the original compound, ergotamine tar- 
trate. We know from the experiments of Graham and Wolff’® that the effect of 
ergotamine is due to the vasoconstrictor action of the drug on the cerebral 
vessels. Spiihler®® has pointed out that dihydroergotamine is a ver 3 ^ powerful 
drug in relieving migrainous headache, and it may be that it is the vasocon- 
. strictor component still present in dihydroergotamine which is responsible for 
this beneficial effect. In contrast, in none of our patients did dihydroergocornine 
reduce the blood flow in the sympathectomized limb and in the normal^ inner- 
vated limb, tlie only reaction so far recorded has been vasodilatation. Dihy- 
droergocornine, therefore, does not contain the direct action on the blood vessels 
so characteristic of the other ergot alkaloids and its action is purely sympathico- 
lytic. 

Although our results concerning the effect of dihydroergotamine on smooth 
muscle do not subslant ate the clinical observations of the various workers, they 
are supported by experiments in dogs reported by Horton and associates.”^ 
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These authors found that in the dog dihydroergotainine is a vasoconstricting 
agent similar to ergotamine tartrate, but that the effects of dihj^droergotamine 
are of shorter duration than those of the latter ergot preparation. They write 
that additional observations on man tended to confirm this. Our results defi- 
nately prove that in man the action of dihydroergotamine is still characterized 
by the two active principles found in the original alkaloid, ergotamine tartrate. 
Dihydroergocornine, on the other hand, is the only drug which has a purely 
svmpathicolytic effect. 

The sympathicolytic effect finds further expression in the plethysmogram ; 
it has been demonstrated by numerous authors that the plethysmogram of the 
normal individual does not present a straight line but shows marked spon- 
taneous fluctuations, vasoconstriction alternating with vasodilatation. These 
fluctuations are generally accepted as the result of impulses which are trans- 
mitted from the vasomotor centers to the blood vessels. As Goetz^^ has demon- 
strated, they are dependent on the integrity of the sympathetic nervous system 
and they reflect the rhythmic nature of central sympathetic vasomotor activity. 
Following sympathectomjL these fluctuations are no longer recorded. The 
effect of ergot derivatives on these spontaneous fluctuations of the plethysmogram 
was .first investigated in Basle* with the plethysmographic method of Rothlin 
and Bluntschli.^2 -^vas then demonstrated that following 1.0 mg. of dihydro- 
ergotamine or ergotamine tartrate the spontaneous fluctuations in the plethys- 
mogram may entirely disappear. During the present investigations a similar 
disappearance of the spontaneous fluctuations has often been observed in normally 
inneiwated limbs following the injection of dihydroergocornine. This may be 
claimed as evidence that there is, to say the least, interruption of conduction 
of sympathetic impulses and possibly paralysis of central vasomotor activity. 
The disappearance of the spontaneous fluctuations in the plethysmogram follow- 
ing sympathectomy and following the administration of the sympathicolytic 
component of ergot led us to investigate the action of these sympathicolytic 
derivatives. 

Dale ascribed the action of the component which produced “specific pa- 
ralysis of the motor elements in the structures associated with sympathetic 
innervation” in his drugs to paralysis “of the sympathetic motor myoneural 
junctions in the arterial walls.” We could demonstrate that in the normally 
innervated limb the sympathetic inhibitory (vasodilator) effect of ergotamine 
tartrate and dihydroergotamine is opposed by the direct-acting vasoconstrictor 
principle, and the effect on the peripheral circulation, therefore, is characterized 
by the interaction of both these principles, vasodilatation competing with vaso- 
constriction. In the sympathectomizeci extremity, however, the effect of both 
drugs is invariably marked vasoconstriction. The fact that the vasodilator com- 
ponent of ergotamine tartrate and dihydroergotamine seen in the normally 
innervated limb is abolished by preganglionic sympathectomy. suggests, but does 
not prove, that its action is not on the sympathetic myoneural junction but that 
the sympathicolytic effect is dependent on the integrity of the sympathetic path- 

♦Unpubllslied data. 
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ways and that the sympathicolytic principle acts over higher nervous mech- 
anisms. There is no reason to assume that there is a different mechanism in the 
case of the sympathicolytic effect of dihydroergocornine. Investigations con- 
cerning blood pressure changes after dihydroergocornine in cases of high trans- 
verse spinal lesions and following splanchnicectomy led us,® in fact, to place the 
site of action in the medulla and/or hypothalamus. 

This, to our knowledge, is the first time that it has been demonstrated that 
an ergot derivative acts in a purely sympathicolytic fashion in man. The pos- 
sibility of therapeutic application in cases of pathologic spasm, such .as Ray- 
naud’s phenomenon, acrocyanosis, and similar vascular disorders or in organic 
vascular diseases with superadded spasm such as embolism or in some cases of 
thromboangiitis obliterans, suggests itself and will be the subject of further in- 
vestigations. The sympathicolytic effect of the drug has already been tested in 
cases of hypertension, where hyperactivity of the sympathetic nervous system 
has been blamed by many authors as at least a factor in maintaining the ele- 
vated arterial blood pressure. The results obtained in cases of hypertension 
have been reported elsewhere® and indeed, in all cases of essential hypertension, 
dihydroergocornine caused a fall in blood pressure which in some was extremely 
prolonged. 


SUMMARY AND CONCLUSIONS 

The effect of two new hydrogenated derivatives of ergot (dihydroergota- 
mine, referred to as DHE 45, and dihydroergocornine, referred to as DHO 180) 
on the cardiovascular system was investigated in twenty-four subjects and their 
action compared with that of ergotamine tartrate (Gynergen), with particular 
reference to their respective sympathicolytic properties. 

It could be demonstrated, by using an accurate, quantitative method, that 
both ergotamine tartrate and dihydroergotamine contain the two components 
of ergot originally described by Dale, that is, the direct (constrictor) action on 
plain muscular organs and the sympathetic inhibitory (vasodilator) principle. 
Their effect in the normally innervated limb, therefore, is complex, due to the in- 
teraction of these two opposing elements which, however, could be separated by 
investigating the effect of the drugs in cases who had undergone preganglionic 
sympathectomy. It could be demonstrated that’ following sympathectomy the 
sympathicolytic effect (vasodilatation) can no longer be registered and that in 
the sympathectomized limb both ergotamine tartrate and its dihydrogenated 
derivative are pure vasoconstrictors. The sympathicolytic component, there- 
fore, is dependent on the integrity of the sympathetic pathways, and dihydro- 
ergotamine is not a derivative of ergot with a purely sjTOpathicolytic action, as 
has been reported by various authors. 

Dihydroergocornine, in contrast, does not produce any constriction in the 
sympathectomized limb, and since it produces dilatation in the normally inner- 
vated limb, it has to be regarded as the first known ergot derivative ivhich acts 
in a purely sympathicolytic fashion in man. The fact that the sympathicolytic 
principle is dependent on the integrity of the sympathetic pathways suggests 
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that it does not act peripherally on the sympathetic myoneural junction but over 
higher sympathetic centers. 

Mention is made of evidence presented elsewhere that the site of action of 
the sympathicolytic principle of dihydroergocornine has, in fact, to be looked 
for in the medulla and/of hypothalamus. 
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TERMINAL ELECTROCARDIOGRAPHIC PATTERNS IN EXPERI- 
MENTAL ANOXIA, CORONARY OCCLUSION, AND 
HEMORRHAGIC SHOCK 

A. Sidney Harris, Ph.D. 

Houston, Texas 

I N RECENT years, many experiments in this laboratory have provided electro- 
cardiographic and other observations which furnish data upon the alterations in 
activity in mammalian hearts approaching death. Clinical papers reviewed in 
the concurrently published paper by Stroud and FeiP® have described the altera- 
tions of activity in dying human hearts. The fortuitous, naturally occurring 
changes in conditions within the organism leading to cessation of cardiac activity 
in human cases are not as well known to the observer as are the planned changes 
in the condition of the animal in well-controlled experiments. An analysis of the 
experimental observations may aid in discovering patterns in cardiac activity in 
the final stages which will contribute to better interpretation of events observed in 
human hearts. 

The changes in the physiologic activity which are of major interest and im- 
portance in dying hearts of experimental animals are those which are observed 
during the time when effective pumping action is ceasiner in cases of gradual cessa- 
tion, or during the development of ventricular fibrillation in cases that cease 
suddenly via fibrillation. Changes that occur after the heart has ceased to eject 
blood and maintain a peripheral blood pressure do not contribute to the death of 
the organism. In a tabulation and discussion of modes or patterns of cardiac 
death, therefore, care should be taken to exclude observations which would lead 
to false conclusions. For example, some hearts that have stopped due to pace- 
maker failure or conduction failure develop a .sluggish ventricular fibrillation 
after a period of many seconds of standstill or after extreme slowing with only 
an occasional ineffectual beat and with the blood pressure near zero. Such a case 
is not a fibrillation death, but a death from failure of the pacemaker or of the con- 
duction system, together with weakening of the cardiac muscular contractions. 

Some of the observations to be reported were compiled from the records of 
experiments which were performed by several investigators in our laboratory^’® 
for the study of cardiac and circulation problems other than the cardiac 
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approach to death. Other experiments were planned for specific quantitative 
study of phenomena associated with cardiac failure, especially in relation to 
ventricular fibrillation .®* ^ ® 

PROCEDURES 

Dogs were used in all experiments. They were anesthetized with sodium 
barbital, some having preanesthetic doses of morphine. 

The anoxia experiments were of two kinds : (1) with opened chests and artificial 
' respiration; and (2) with unopened chests and natural respiration. The experi- 
ments with opened chests were performed for the primary purpose of studying 
the effects of anoxia upon myocardial action potentials as recorded from local 
contiguous bipolar leads.’' Observations upon the terminal changes in electro- 
cardiograms were of secondary concern at the time, but these experiments now 
afford an opportunity to compare the results of anoxia combined with major 
surgical trauma with the effects of anoxia with little surgerj^ Furthermore, the 
animals with opened chests were unable to change the ventilation rate as anoxia 
developed. The artificial respiration was adjusted before rebreathing was begun to 
provide just sufficient overventilation to prevent any spontaneous respiratory 
movements while being ventilated with air with normal oxygen content. Some 
hyperpneic movements developed as the oxygen content of inspired air was 
lowered. The animals with unopened chests developed considerable hyperpnea. 

Respiratory apparatus for the experiments with opened chests consisted of a 
large respirometer tank with an external circuit including a soda lime cartridge. 
The air was circulated and forced into the dogs’ lungs intermittently by a piston 
pump. By recirculation and rebreathing the air, its oxygen content was gradually 
reduced. The apparatus has been illustrated and described in detail elsewhere. 

In the experiments with unopened chests, the animals rebreathed air from 
the large recording respirometer of Burlage and ^^figgers, ivhich was described 
recently by Randall. In both kinds of anoxia experiments the percentage of 
oxygen in the tank could be determined, approximately, from a scale on the ap- 
paratus. Exact checks were made frequently by analyzing air samples with the 
Henderson-Orsat apparatus. 

The coronary occlusion experiments were performed as described by Harris 
and Guevara Rojas.® In all experiments to be included in this presentation the an- 
terior descending artery was clamped. 

The production of hemorrhagic shock was accomplished by a standardized 
technique developed by Wiggers and Werle.-° This consists of carefully graded 
and timed stages of hemorrhagic hypotension as follows: ninety minutes with 
mean arterial pressure kept at approximately 50 mm. Hg, and forty-five minutes 
at about 30 mm. of mercury. These levels are produced and maintained by re- 
peatedly drawing the amounts of blood that are required. At the end of the pre- 
scribed hypotension p-iriods all of the withdrawn blood is reinfused. After re- 
covery of the control arterial pressure level, the pressure again typically goes into 
decline and the animal dies in shock in about five to seven hours after the rein- 
fusion. This paper describes the cardiac behavior in the last stages of pumping. 
Earlier electrocardiographic changes in hemorrhagic shock have been described 
elsewhere.® 
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RESULTS 

Anox3mic Anoxia . — The final changes leading to cessation of pumping in 
hearts exposed to gradually lowered oxygen tensions exhibit several different 
patterns, all of which are due to failure of the pacemaker or of conduction, or both. 

In Animals with Closed 'Chests: The series of illustrative records to follow 
\yere taken from experiments in which the chests of the animals were left intact. 
Fig. 1 is a record from an animal that had been subjected to a reduced oxygen 
tension for almost six hours. The reduction was slow. During the first forty 
minutes of rebreathing, the oxygen content of the tank was dropped to 10 per cent. 
During the next one and one-half hours it was slowly decreased to 8.8 per cent, 
after which it was kept near 8 per cent for about two additional hours. After 
this there was a slow decline until failure occurred. The final analysis showed 
an oxygen concentration of 5 per cent. 

The record presents a case of total heart block, the P waves and QRS-T 
complexes showing complete dissociation at this stage. The vagus nerves had been 
sectioned earlier in the experiment. Therefore, the conduction failure manifest 
must be regarded as an intrinsic failure of function in the specialized A-V con- 
ducting tissue. This failure occurred when the mean arterial pressure had dropped 
to about 25 mm. of mercury. Respiration had stopped a few seconds before the 
block occurred. During the latter part of the period of hypotension leading to 
block, there had been gradual slowing of the cardiac rate and lengthening of the 
P-R interval from the original 0.10 second to 0.22 second after which dissociation 
occurred. 

Fig, 2 is from another animal in the terminal stage of a long severe anoxia. 
It shows failure of A-V conduction with the ventricles remaining in standstill. 
In Fig. 2, A may be seen the stage just preceding the A-V conduction failure. 
At this point the P-R interval had increased from the control duration of 0.10 
second to about 0.25 second. 

Fig. 2,B, taken a short time afterward, shows that only the auricles are con- 
tinuing to beat. It may be inferred that in this case anoxic depression of the A-V 
node and other possible ventricular pacemakers prevented the establishment of 
an idioventricular rhythm. At the time that the long P-R intervals and conduc- 
tion failure were recorded, this animal had been in severe anoxia (below 7 per 
cent) for more than three hours. It is unusual that an animal will live so long at 
this level. Ordinarily in our experiments about 8 per cent was the limit for sur- 
vival for periods extending into hours. 

Fig. 3 shows another pattern of cardiac approach to cessation in milder 
anoxia of longer duration. In Fig. 3, A the pacemaker suddenly ceased to dis- 
charge. Fig. 3, B shows the very slow ventricular rhythm which was established 
for a short time. Just before the pacemaker stopped the rate was 125 per minute 
which is quite normal for anesthetized dogs, though in this case it represented a 
relatively great slowing from the rate of 200 to 225 which had prevailed for the 
last several hours of this twelve-hour experiment. At the time the pacemaker 
ceased discharging there was no evidence of deterioration of A-V conduction. . 
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The oxygen concentration in the tank at the end was 9.4 per cent. It had not 
been below this level at any time. Tolerance to a lack of oxygen varies appreciably 
in different dogs. 



Fig. 1. — Lead III of an electrocardiogram showing complete heart block in a dog with heart failing 
in severe anoxia. Note abnormal width of QRS, signifying impairment of intraventricular conduc- 
tion. 



» 2. — Failure of A-V conduction with ventricular standstill, the auricles continuing to beat, 

in an anoxic dog. A shows greatly prolonged P-R intervals, B, taken a few seconds later, contains 
P waves only. 


Fig. 4 is from an anoxia experiment in which cardiac action was brought to 
an end via gradual pacemaker slowing and stoppage, followed by a period of A-Y 
nodal rhythm. This e.xperiment lasted more than six hours. The record is from 
the third and last period of rebreathing to deep anoxia in this experiment. During 
the greater part of the experiment and during the last rebreathing trial until five 
minutes prior to the time that the record shown in Fig. 4, A was made, the heart 
rate varied between 150 and 170 per minute. During that last preceding five 
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minutes the rate fell to that shown in the record (about 40), and the auricles 
stopped very soon thereafter. The P-R intervals were normal (0.09 second) 
until the pacemaker stopped. Fig. 4, B shows the slow A-V nodal rhythm which 
followed for a minute or two before the ventricles stopped. 

Of twelve animals with unopened chests which died after periods of slowly 
developing anoxia, independent rhythms of auricles and ventricles developed 
before the end in three, ventricular standstill with auricular continuation in one, 
very slow pacemaker and long P-R (end not recorded) in one, pacemaker failure 
with subsequent A-V nodal rhythm in six, and ventricular fibrillation in one. 

Summarizing, there were four cases of conduction failure, six cases of pace- 
maker failure, one case in which conduction and the pacemaker were failing 
simultaneously, and one questionable case of ventricular fibrillation. 

In Animals With Open Chests: In the experiments with exposed hearts and 
artificial respiration, the patterns of terminal activity were very similar to those 
already described. These changes in seven consecutive experiments as read from 
electrocardiograms are summarized in Table I. 

Table I. Terminal Cardiac Changes in Anoxia in Animals With Open Chests and 

Artificial Respiration 


EXP. NO. 


SEQUENCE OF TERMINAL CHANGES 


1 

2 

3 

4 

5 

6 
7 


Great slowing simultaneously with long P-R; standstill, no nodal rhythm 
Slow pacemaker and long P-R; end not recorded 
Same as 1 

Slight .slowing with normal P-R; pacemaker stopped; nodal rhythm; complete 
standstill 
Same as 2 

Extreme slowing with normal P-R; pacemaker stopped; no nodal rhythm 
Slowing; normal P-R; pacemaker failure; nodal rhythm 


Four of these seven experiments (Numbers 1, 2, 3, and 5) exhibited simul- 
taneous deterioration of function of the pacemaker and the conduction system. 
In the other three, the pacemaker failed while there was as yet no evidence of 
conduction deficit. These results may be regarded as identical with those from 
animals with unopened chests and natural respiration; 

The termination of pumping activity has now been observed in more than 
sixty hearts dying in anoxia. Electrocardiograms have not been made in all ani- 
mals with open chests, but the hearts of these animals have been observed visually. 
Of this large number, only one stopped in ventricular fibrillation. Many have 
developed sluggish fibrillary movements after an interval of total standstill 
following pacemaker stoppage or ventricular standstill signifying conduction 
failure. Considering all of the evidence from anoxic animals with opened and 
unopened chests, there appears to be no sound basis upon which to predict 
that in generalized anoxia the pacemaker will fail before conduction, or vice versa. 
When one fails, failure of the other is near. Stoppage via ventricular fibrillation 
is rare in anoxic deaths. De Someri® stated that during fatal asphyxiation the P 
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wave disappears first, that is, pacemaker standstill. The sequence is; therefore, 
similar to that seen in about one-half of our anoxia cases. 

Vagal Effects hi Anoxia: The question of vagal effects in anoxia has 
been considered. Fig. 5 was taken from an experiment showing vagal slowing 
and A-V conduction block. When this record was made the arterial pressure was 
still normal (mean 100 mm. Hg) and the ventricles appeared vigorous. As the 
blood pressure declined following the stage illustrated, an interesting series 
of further changes occurred. At about 50 mm. Hg the auricles stopped and 
A-V nodal rhythm .supervened for a short time. The auricles returned to activity 
at 30 mm. and the normal excitation sequence, with slowing rate, was observed 
until the pacemaker’failed at about 20 mm. of mercury: Then the whole heart re- 
mained in standstill. The earh'- block, slowing, and disappearance of P were in all 
probability due to vagal influence, but the pacemaker stoppage at low pressure 
was not. This animal had been exposed to moderate anoxia (12 to 8.5 per cent 
oxygen) for about the first seven hours of the experiment and to room, air for two 
hours and forty-five minutes. After that rebreathing from the tank air (then 8.7 
per cent oxygen) was started again and the reduction was allowed to continue 
without interruption until failure occurred about twelve minutes later. The final 
air sample contained 6.0 per cent oxygen. The records of vagal effects, and subse- 
quent events of failure that were described, ail occurred during the last five min- 
utes preceding standstill. 





Pig. 5. — Heart block due to vagal influence in anoxic dog with well-maintained blood pressure. 


In certain other experiments exhibiting slowing of the rate or block while the 
blood pressure was well above levels associated with failure (70 to 100 mm. Hg), 
the vagus nerves have been sectioned. These hearts have then resumed a rapid 
rate with normal pacemaker action and normal A-V conduction. Therefore, the 
disturbances in pacemaker function and in A-V conduction that occur in severe 
anoxia while the blood pressure remains high are inferred to be due to vagal 
impulses. However, cardiac disturbances of similar electrocardiographic appear- 
ance have been observed to occur after the blood pressure had fallen to the region 
of 30 mni. Hg and below, with and without intact vagus nerves. These terminal 
changes must be considered as due to, the effects of oxygen lack in the cardiac 
tissues. 
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Long'continuecl exposure to low oxygen concentration is not necessary to the 
exhibition of vagal effects. In fact, they occur much more regularly in cases 
of rapidly induced anoxia. In the experiments of Greene and Gilbert," who gave a 
good description of vagal effects in anoxia and differentiated between the vagal 
and nonvagal stages of slowing and block, the stage of complete cardiac failure 
was reached in about fifteen minutes. In the long continued experiment which 
has been described it is possible that only the last twelve minutes (when, following 
two hours on room air, the concentration was rapidly reduced to 6.0 per cent) 
have an important relation to the vagal effects. Experiments with intact vagi in 
which the initial slow rebreathing was carried to a more severe level (about 8 per 
cent oxygen) and maintained at that level for periods of one to three "hours have 
usually not exhibited pacemaker slowing or conduction disturbances with 
relatively well-maintained blood pressure which are considered evidences of vagal 
activity. 

The consensus of evidence indicates that the central cells of the cardioin- 
hibitory niechanism may be excited (directly or reflexly?) by rapidly developed 
oxygen lack, and are less likely to show appreciable excitation in a very gradually 
developed severe anoxic state. 

Coronary Occlusion . — In our studies of coronary occlusion, the only route to 
failure of pumping which was recorded and studied was ventricular fibrillation. 
In those experiments the aim was to analyze the process of initiation of ventricular 
fibrillation as it occurs in coronary occlusion. A description of the changes in the 
action of the heart as they develop minute by minute in experimental coronarj^ 
occlusion has been published elsewhere.® It should be sufficient here to point 
out only the major changes in activity. In a typical experiment the clos- 
ing of the clamp on the anterior descending artery is followed by the develop- 
ment of ventricular ectopic systoles. The ectopic beats begin within two or three 
minutes of occlusion as single complexes and within another minute or two change 
to short runs of two or three. The groups continue to grow more frequent and 
become longer until, in a final paroxysm, the frequency of the ectopic discharges 
accelerates until coordinated activity breaks down into ventricular fibrillation. 
The period between occlusion and fibrillation varied between one minute, twenty 
seconds and nine minutes. Eighty per cent of the fibrillations (twenty out of 
twenty-five) occurred within the first five minutes of occlusion. In trials which 
did not lead to fibrillation the frequency of ectopic discharges passed through a 
maximum at about four to five minutes and then declined, sometimes stopping 
entirely by the tenth minute of occlusion. 

To expedite many of the later experiments, the occluding clamp was left 
on the arter}"- for periods of only ten to twenty minutes if fibrillation did not 
occur earlier, and then removed. After a recovery period of thirty minutes the 
test was repeated. If fibrillation did occur the clamp was removed immediately 
and the ventricles were defibrillated by use of the alternating current defibrillator. 
Usually it was possible to defibrillate the ventricles of the same heart repeatedly. 
The number of repetitions that were possible during a day’s experiment varied up 
to a maximum of seven. In some trials, ventricles which did not fibrillate during 
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the period of occlusion went into fibrillation upon removal of the occluding clamp. 
In such cases the fibrillation occurred wdthin a period of about one minute after 
opening the clamp. If a period'as long as one and one-half minutes passed without 
fibrillation there was no further danger that fibrillation would develop. Defibril- 
lation was difficult in these coronary occlusion experiments. Often the ventricles 
had to be defibrillated several times after one trial because the conditions which 
produced fibrillation were still present and caused immediate return to fibrillation. 
If, upon defibrillating, the heart remained out of fibrillation for two minutes it 
was generally safe from spontaneous refibrillation. 

After the hearts had been iveakened by repeated periods of occlusion, fibril- 
lations, and defibrillations, they usually died in standstill by pacemaker failure 
and conduction failure, as in ano.xia. 

No dog’s heart has been observed to recover from ventricular fibrillation 
spontaneously. Without the defibrillator each fibrillation would have been a 
• fibrillation death. 

The results of all of the occlusion trials are summarized in Table II. Dur- 
ing occlusion of the anterior descending artery there were twenty-five fibril- 
lations in fifty trials. Of the twenty-five trials with failures to fibrillate during 
occlusion, there were four fibrillations upon release of the clamp. There were, 
therefore, a total of twenty-nine fibrillations resulting from fifty occlusions and 
releases. Fibrillation occurred in 50 per cent of the trials if the occlusion periods 
alone are considered and in 58 per cent of trials if the fibrillations upon release are 
included also. 

In experiments upon fourteen dogs, fibrillation occurred in nine during 
occlusion in one or more trials. Of the five hearts that did not fibrillate dur- 
ing occlusion, fibrillation occurred in two upon removal of the clamp. In three 
there were no fibrillations during occlusion or upon release. In five there were no 
failures to fibrillate during occlusion. 

One. of the animals in which fibrillation failed in all trials was very deeply 
anesthetized by an overdose of sodium barbital. This may possibly be a clue to 
the reason for absence of fibrillation in this case. If .the deep anesthesia depressed 
irritability, thereby preventing the generation of ectopic systoles, then fibrillation 
would not be expected (see discussion). No reason can be offered for the failures 
in the other two animals in which no fibrillation occurred. 

In the coronary ligation experiments of Smith^"* ventricular fibrillation oc- 
curred much less often than in the results which have just been described. Upon 
ligation of the anterior descending artery in eleven dogs there was ventricular 
fibrillation in only one. There were two ventricular fibrillations in fourteen liga- 
tions of the left circumflex artery. Wood and Wolferth^^ indicate a higher inci- 
dence of ventricular fibrillation upon occlusion of either of the main branches of 
the left coronary artery. It is possible that the kind of anesthesia used makes a 
significant difference in the tendency to ectopic ventricular systoles and fibril- 
lation. In our experiments and in those of Wood and Wolferth, barbiturates were 
used. Ether anesthesia was used by Smith. 
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In the one monkey heart that was used there were no fibrillations during the 
four occlusion periods. However, fibrillation occurred upon three of the four re- 
leases. Upon the basis of only one experiment no comparison of monkey and dog 
hearts can be made. 


Table II. Ventricular Fibrillations and Failures to Fibrillate During Occlusion and 
After Release of the Anterior Descending Artery 



DURING occlusion 

RELEASE 

exp. no. 

fibrillation 

FAILURE 

FIBRILLATION 

FAILURE 

1 

0 

1 

1 

0 

2 

3 

2 

i 

1 

1 

3 

2 

0 



4 

5 

2 

1 

1 

5 

1 

0 



6 

2 

2 

0 

2 

7 

2 

0 



8 

0 

2 

0 

2 

9 

0 

4 

0 

4 

10 

!*■ 

0 



11 

7 

0 



12 

0 

6 • 

1 

5 

13 

0 

5 

0 

5 

14 

2 

1 

0 

1 

Total 

25 

25 

4 

21 

On a monkey 

0 

4 

3 

1 


♦After this fibrillation resulting from occlusion, there were repeated spontaneous fibrillations which 
rendered further trials impossible. 


Hemorrhagic Shock . — The final phase of pumping action in the hearts 
of animals dying of hemorrhagic shock has been studied from electrocardiograms 
correlated with kymograph records of mean blood pressures.® Fig. 6 is a record of 
terminal activity in an experiment that illustrates a frequently occurring pattern. 
The tracing shown in Fig. 6, A was made during the transition from normal 
S-A nodal rhythm to A-V nodal rhythm. It shows brief intermittent periods 
of failure of the S-A pacemaker -with substitution of an ectopic one in the A-V node 
or bundle of His and recoveries for brief periods of activity of the S-A pacemaker. 
Such transitional shifting of pacemakers lasted for perhaps two or three minutes 
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(electrocardiographic, records were not continuous) and then the S-A pace- 
maker stopped for the last time; The record shown in Fig 6, B was made shortly 
after the final cessation of the S-A pacemaker and that in Fig 6, C, less than one 
minute -later. At the time that Fig. 6, A was recorded, the mean blood pressure 
was about 22 mm. Hg and falling. When Fig. 6, C was recorded, the pressure was 
near zero. In this series of nine hemorrhagic shock experiments with frequent 
electrocardiograms, seven cardiac deaths occurred with\pacemaker stoppage and 
subsequent A-V nodal or idioventricular rhythm characterizing the final stage 
of pumping activity. The P-R intervals were normal up to the time of pacemaker 
failure in all cases. One experiment was terminated by ventricular fibrillation. 
The final record from the other animal showed a very slow rate while maintaining 
a normal A-V sequence. It probably stopped in pacemaker failure as did the 
seven others mentioned here. Blood pressure readings in the different experiments 
at the time of the occurrence of pacemaker failure and the beginning of nodal 
rhythm varied from 40 to less than 20 mm. of mercury. In six experiments, the 
pressure was 30 mm. or less. The one fibrillation occurred at a pressure of 20 mm. 
of mercury. 



Fig. 6. — Cessation of pacemaker action, development of idioventricular rhythm, and final slowing 
in dog in the terminal stages of hemorrhagic shock. A, Intermittent periods of normal pacemaker 
and ventricular pacemaker rhythms. B. Ventricular pacemaker only. C, Great slowing just before 
standstill. 


It rnust be borne in mind that these failures did not occur upon the mere 
reduction of mean arterial pressure to the region of 30 mm. of mercury. They 
occurred as terminal events in hemorrhagic shock. During the standard pro- 
cedures to produce hemorrhagic shock earlier in each experiment, the arterial 
pressure was kept at about 30 mm. Hg for a period of forty-five minutes. During 
this time there was no evidence in any case of impending pacemaker or other 
cardiac failure. Hours later, upon the redecline of arterial pressure, the described 
changes occurred as parts of the shock syndrome. 
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In experiments by Negovski,” with rapid exsanguination to the point of 
clinical death, the terminal electrocardiograms show periods of intermittent 
pacemaker action and failure followed by pacemaker standstill and nodal rhythm. 
This sequence is identical to that seen in the terminal phase of hemorrhagic 
shock here. Since rapid exsanguination to 30 mm. Hg in our laboratory does not 
produce pacemaker failure, it is probable that in Negovski’s experiments stop- 
page occurred after lower pressure levels were reached. Ventricular fibrillation 
is not mentioned in the e.xsanguination experiments of Negovski. 

DISCUSSION 

This study emphatically points out the great difference in the frequency of 
occurrence of ventricular fibrillation in experimental coronary occlusion as con- 
trasted with general anoxia or hemorrhagic shock. The reasons for this differ- 
ence are to be found in studies upon the nature of ventricular fibrillation-’*® and 
the changes in the activities and properties of cardiac muscle which initiate 
fibrillation.*"*® 

The consensus of experimental evidence indicates that ventricular fibrilla- 
tion is continuous, irregular, incoordinate, circuitous e.xcitation and re-excitation 
of the various portions of the ventricular myocardium. In normally beating 
ventricles, circuitous re-excitation is prevented by the refractoriness of the 
muscle. In the dog heart the duration of the refractory period of a given small 
fraction of the myocardium (R-T interval of a local response) during a normal 
beat is about 0.18 to 0.20 second, while the period required for conduction of the 
e.xcitatory process throughout the ventricular musculature (duration of QRS) 
is about 0.03 to 0.04 second. In a single ventricular ectopic systole induced in 
a normally beating heart, the period of conduction through the ventricles is 
about 0.05 to 0.07 second, or considerably less than one-half the duration of 
refractoriness. To make re-entrant excitation possible, therefore, it is necessary 
that the period of refractoriness be shortened markedly or that conduction be 
greatly slowed, or both. It has been shown*® that rapid repetitive ectopic systoles 
bring about both of these changes, and that if artificial stimuli are applied to the 
ventricles in a suitable accelerating sequence they will produce fibrillation, 
though the intensity of the individual shocks be but little more than the threshold 
for a diastolic premature systole. 

Short direct current stimuli applied during the vulnerable period,*®’*® direct 
current stimuli (especially anodal) of several seconds’ duration,® and coronary- 
occlusion® all produce ventricular fibrillation. By all of these methods the 
fibrillation is preceded by a repetitive and accelerating train of ectopic systoles 
from a discharging focus, or multiple foci in coronary occlusion. When the 
acceleration reaches the state that the interv’al between ventricular complexes 
of the electrocardiogram or of spikes from local leads is shortened to about 0.08 
second, coordinated activity disappears and the ventricles enter the state of 
fibrillation. 

This description of the changes that initiate fibrillation offers an explanation 
for the findings that a condition which produces accelerating groups of ectopic 
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sj'stoles (coronary occlusion) causes fibrillation in a high percentage of trials, 
whereas conditions which ordinarily do not produce ectopic discharges only 
rarely produce fibrillation. 

By multiple local leads recorded simultaneously, (it has been shown that the | 
ectopic discharges which are characteristic of coronary occlusion arise in the i 
boundary between- ischemic and nonischemic muscle and that very high spike | 
voltages can sometimes be recorded there^® The logical interpretation is that I 
electrochemical gradients in this zone give rise to the discharge of impulses. ' 
In overall anoxia and in hemorrhagic shock there is no such boundary. The 
fundamental 'cause of the ectopic discharges which occur for a brief period after 
removing the clamp from the artery to an ischemic area has not been determined. 
It appears possible that boundaries with electrochemical gradients exist for a 
fleeting moment in the neighborhood of each small blood vessel in the ischemic 
muscle, thus producing a vast number of potential foci. 

The terminal changes that have been recorded in overall anoxia were almost 
equally divided between initial failure of A-V conduction and initial failure of 
the pacemaker. Both may be regarded as manifestations of reduction of func- 
tional ability due to oxygen lack. The rhythmic cells of the S-A node are more 
vulnerable to anoxia than are the A-V node and bundle in some dogs, but the 
opposite relation was found in others, and in some, equal susceptibilities were 
observed. The difference is small and probably unimportant in all cases. 

Pacemaker failure was the characteristic feature of cardiac cessation in 
animals dying of hemorrhagic shock. Auricular stoppage and the subsequent 
development of A-V nodal rhythm were observed in all animals subjected to 
hemorrhagic shock except in the one animal in which ventricular fibrillation 
developed. The greater susceptibility to functional damage of the pacemaker 
as compared with that of A-V conduction tissues appears to be a possible differ- 
ence between the reaction of the heart to slowly developing general anoxia and 
the reaction to hemorrhagic shock. 

Studies on human cardiac death from randomly reported causes reveal 
patterns of terminal activity which are strikingly similar to those seen experi- 
mentally. In the cases of Hanson and associates,'* Sigler and co-workers,*® 
Iwasaki,® and the accompanying paper of Stroud and Feil,*® the first major 
electrocardiographic change often was cessation of P waves. This was preceded 
by a gradually slowing rate. In a large proportion of cases the pacemaker failure 
was followed by nodal or idioventricular rhythm for a short time before ven- 
tricular standstill occurred. Auriculoventricular conduction failure with dis- 
sociation was reported in four of twenty cases of Sigler and co-workers.*® In 
one of these the terminal state resulted from a ruptured ectopic pregnancy; in 
two, from cerebral hemorrhage; and in one, from a bleeding gastric ulcer. Three 
cases of A-V dissociation were reported by Dieuaide and Davidson.* The authors 
of the latter paper stated that the terminal state probably was due to oxygen 
deficiency and carbon dioxj,de accumulation. All of their patients were victims 
of chronic cardiac insufficiency. 
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In the extensive tabulation of cases from the literature by Stroud and Feil,*® 
about one-third of the cases are listed as fibrillations. However, in this list the 
feeble terminal undulations which occur in some hearts following pacemaker 
failure and which do not contribute to death were counted along with the bona 
fide ventricular fibrillations which led to death, making the number of fibrilla- 
tions listed too high. At least four of the ten listed ventricular fibrillations of 
Hanson and associates'* were of this kind, one of them being precipitated by 
adrenalin. Five of their apparently valid fibrillation deaths occurred in severe 
infectious disease and one was listed as of unknown cause. In some of the other 
papers, it is impossible to distinguish the real ventricular fibrillation deaths from 
cases with unimportant late terminal undulations. Tabulations of this kind, 
therefore, must be viewed with caution. 

I^There are reports of ventricular fibrillation in phosphorus poisoning,® carbon 
tetrkchloride poisoning,*® mercury poisoning,*^ and in infectious diseases. We 
have no experimental counterpart for the ventricular fibrillations in poisoning 
and infectious disease but, in accordance with the mechanism of initiation of 
fibrillation discussed previously, a hyperexcitability of ventricular tissues pro- 
duced by toxic agents might produce discharging ectopic foci, tachycardia, and 
fibrillation. Controlled studies on these subjects are needed.^ 

SUMMARY 

Electrocardiographic records of dog hearts at the stage of termination of 
effective pumping in experiments upon generalized anoxia, coronary occlusion, 
and hemorrhagic shock have been collected and studied. 

In nineteen general ano.xia experiments from which terminal electrocardio- 
grams are available, pacemaker stoppage or cessation of A-V conduction was the 
first gross manifestation of cardiac failure detectable in electrocardiograms in 
each case except one. Ventricular fibrillation occurred prior to stoppage in one. 
Of these nineteen animals, there were twelve with intact chests and seven with 
chests open for study upon the heart muscle. In a larger series of anoxic do£s 
with open chests and direct observation of the heart, making a total of more 
than sixty animals, there have been no further deaths by ventricular fibrillation, 
all hearts having stopped via pacemaker and conduction failure. The frequency 
with which pacemaker failure preceded conduction failure, and vice versa, was 
approximately equal in the nineteen experiments with terminal records. 

In occlusion of the anterior descending coronary artery there were twent}'- 
five fibrillations during fifty occlusion trials, and four additional fibrillations upon 
releases of the occluding clamp. Fibrillation occurred, therefore, in fifty per cent 
of the occlusions, or fifty-eight per cent of trials if fibrillations upon release are 
included. 

In nine hemorrhagic shock experiments seven hearts failed by pacemaker 
stoppage, another probably did also, and one stopped via ventricular fibrillation. 

The experimental conditions which produce a gradual overall diminution 
in the functional capacity of the cardiac tissues without predisposition to ectopic 
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ventricular systoles produced failure of the pacemaker or of A-V conduction, but 
very rarely induced ventricular fibrillation. The experimental condition (coro- 
nary occlusion) which predisposes to trains of ectopic ventricular systoles pror 
duced a high percentage of ventricular fibrillations. The reasons are discussed. 

Observations in a few representative clinical papers are reviewed and com- 
• pared with the experimental observations. Considerable agreement with the 
experimental patterns and with the conclusion stated in the preceding para- 
graph was found. 
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THE TERMINAL ELECTROCARDIOGRAM: TWENTY-THREE CASE 
REPORTS AND A REVIEW OF THE LITERATURE 


M. W. Stroud, M.D., and H. S. Feil, M.D. 

Cleveland, Ohio 

T he mechanism of death in the human heart has been an interesting topic 
for many centuries. The ancients believed the left auricle to be the last 
portion to stop contracting visibly. In 1850, Hoffa and Ludwig^® showed that 
electrical stimulation of the mammalian heart caused ventricular fibrillation 
and death. In 1887, MacWilliam-*’ predicted ventricular fibrillation to be the 
principal factor in sudden death. In 1912, Robinson^^ reported the first electro- 
cardiograms taken in the agonal state. In 1915, Allbutt^ proposed an overwhelm- 
ing, sudden vagus stimulation with complete standstill as a cause of sudden death. 
Since then, many authorities'’’^’-^’^'^^-^* have come to believe that ventricular 
fibrillation probably is the main factor in sudden death of patients with severe 
heart disease with angina pectoris and/or myocardial infarcts. However, Grieco 
and Schwartz*® have predicted recently that as many sudden deaths in coronary 
heart disease are caused by standstill as by sudden ventricular fibrillation. There 
has been a great deal of discussion as to the possible patterns in terminal electro- 
cardiograms. 

We are presenting twenty-three cases in which the electrocardiograms were 
obtained before and during the terminal activity of the heart. The available 
literature has been reviewed and will be discussed briefly in connection with our 
findings and the experimental data of Harris*®*^ on the electrocardiograms of 
dogs dying from anoxemia, from hemorrhage, and from clamping of a coronary 
artery. 

method 

When practical, the electrodes were attached to the moribund patient be- ' 
fore clinical death. The three standard leads were obtained and also a few chest 
leads. Tracings were taken intermittently or continuously on Lead II until 
the string became motionless. Several cases were obtained during operations 
under general anesthesia. In two cases, hearts that were "dead” clinically by 
electrocardiogram were revived. Both patients died some time afterward, but 
the original death was used without obtaining records of the "second” death. 
Unless otherwise stated, clinical death occurred some time before the electro- 
cardiogra phic tracing became flat. 

T 1 1*10 Department of Medicine of Western Reserve University School of ^ledicine and from 

Lakeside Hospital. Cleveland, Ohio. 

Received for publication Aug. 13, 1947, 
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CASE REPORTS 

Case 1. — R. W., a woman, 40 3 ’cars of age. Hypertensive cardiovascular disease with recent 
hemorrhage into the pons. The patient collapsed suddenly on the street and was admitted in coma 
with left-sided paralysis. Bloody spinal fluid was noted. She died in one hour. Necropsy' re- 
vealed recent hemorrhage into the pons with extension. The heart, weighing 490 grams, was 
dilated and hypertrophied. The kidneys revealed chrome py^elitis and moderate nephrosclerosis. 

Electrocardiogram: Initial tracing revealed a ventricular rhythm at a rate of 115 per minute 
with occasional ectopic ventricular beats. Rate suddenly slowed to 59 per minute with increasing 
intraventricular block. The ventricles stopped suddenly' while the auricles continued to beat for 
about thirty seconds at a rate of 45 per minute. 

Case 2. — A. F., a man, 42 j’ears of age. Carbon tetrachloride poisoning with uremia. The 
patient was admitted with sj’mptoms of renal failure and died on the twentj'-first hospital day 
despite peritoneal lavage. Necropsy' revealed severe acute nephrosis, necrosis of the liver, 
diffuse bronchopneumonia of both lungs, and a dilated heart weighing 470 grams. 

Electrocardiogram: Initial tracings during hospitalization revealed right bundle branch 
block that disappeared temporarily during peritoneal lavage (potassium intoxication ?). At 
death, regular sinus rh^Thm was followed bj' increasing P-R interval. Nodal rhjThm supervened. 
Finally’, a slow ventricular rlij'thm appeared abrupt!}-. This merged into flutter and terminal 
ventricular fibrillation. 

■ Case 3. — P. S., a woman, 59 years of age. Severe diabetes with recent myocardial infarction. 
This patient was admitted because of a histor}' suggestive of myocardial infarction three weeks 
previously and progressive dj'spnea. She died suddenly on the fourteenth hospital day while 
in uremia. Nccrops}^ was not performed. 

Electrocardiogram: On admission, tracing revealed evidence of acute anterior infarction. 
Digitalization slowed the rate to 40 per minute. Wandering pacemaker was then noted. The 
terminal electrocardiogram revealed a gradually widening QRS. There ensued periods of pro- 
longed cardiac standstill interrupted by bizarre ventricular complexes. This continued for about 
fifteen minutes until complete standstill. No P waves were seen. 

Case 4. — C. C., a woman, 37 years of age. Hypertension, central nervous system syphilis, 
sicklemia, and tuberculous keratitis. Terminal hospitalization was for weakness and nausea. Flac- 
cid paralj'sis of the lower extremities and nuchal rigidity were noted. Laboratory tests revealed 
the nephrotic syndrome. The spinal fluid Wassermann was positive. Death occurred on the 
tenth day. Necropsy revealed sj^philitic meningoencephalitis and mj'elitis; h^^pertrophied and 
dilated heart (350 grams); stellate wrinkling and retraction of the aorta; sicklemia; and bilateral 
Pi'clonephritis. 

Electrocardiogram: The record showed nodal tachycardia with ectopic ventricular beats 
until respirations ceased. Then the ventricular rate slowed and runs of several monophasic 
waves interrupted by long periods of standstill appeared. Caffeine and intracardiac adrenalin did 
not prevent complete standstill in four minutes. 

Case 5. — C. K., a man, 74 j^ears of age. Prostatic carcinoma with metastases. A transurethral 
resection for urinary retention was done four months prior to the terminal admission because 
of anasarca. Total blood proteins were 3.9 Gm. per 100 cubic centimeters. Chest x-ray revealed 
fluid at both bases and possible metastases. The heart size was normal, but the liver was palpable 
three fingerbreadths below the costal margin. He died rapidly. Necropsy was not performed. 

Electrocardiogram: Previous records showed left axis deviation and sinus coupling. Terminal 
strips revealed a slow ventricular rate without visible P waves. These waves were bizarre and 
were gradually reduced in amplitude. After two minutes there was no further movement of the 
string. . 

Case 6. — L. H., a man, 60 years of age. Diabetes mellitus, lymphatic leucemia, hemachroma- 
tosis, and tuberculous pneumonia. The patient was hospitalized terminall}' and died suddenlj' 
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on the thirty-sixth day. Necropsy revealed the additional findings of arterial nephrosclerosis, 
marked sclerosis of the coronary arteries, and slight myocardial fibrosis. 

Ehclrocardiogram (Fig. 1): Previous tracings revealed sinus tachycardia with low voltage 
in all leads. The terminal tracing was started when respirations were two per minute and the 
patient pulseless. It lasted five minutes, thirty-four seconds. Sinus tachycardia with low ampli- 
tude merged into slow nodal rhythm. Standstill then occurred and was followed by slow ven- 
tricular rhythm. This was followed by ventricular flutter and terminated in coarse fibrillation. 
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cardiographic tracing was started. Necropsy revealed marked stenosing coronary arteriosclerosis 
with recent and remote infarcts of the left ventricle. Diffuse arteriolar hyaline necrosis was 
found in the pancreas, kidneys, and adrenals. 

Electrocardiogram (Fig. 2): The terminal record revealed prolonged P-R inter\'^al with intra- 
ventricular block, auricular standstill with slow ventricular rate, and final standstill. 

Case 8. — W. R., a man, 60 years of age. Diverticulitis of the colon, peritonitis, and left hemi- 
plegia. On hospitalization, symptoms and signs suggested diverticulitis. X-ray confirmation 
was obtained. On the nineteenth day the patient developed peritonitis. On the ne.\t day, left 
hemiplegia occurred and he died suddenly while an electrocardiogram was being taken. Necropsy 
was not obtained. 








■Itta: 


















-rrtr.;: 




























Ttrrr 














;U.:- 


-prxr, 






liii 


m 






:4rft 


rt-rrt 












r4"T 


;s 










B wtw tagKsasi 


Fig. 3. — Case 9. Sec text for description. 


Case 10. — E. J., a boy, 10 years of age. Coinmimited fracture of right tibia with hemarlhrosis 
and foreign body of the right k7tee joint. During operation under gas-oxygen-ether anesthesia the 
pulse disappeared. The fibrillating ventricles were exposed and- 5.0 c.c. of 5 per cent procaine 
were injected into the cavity of the right ventricle and the ventricles were shocked to standstill 
by the Wiggers technique. The heart was massaged manually. After approximately twenty 
minutes, effective rhythm was obtained. The heart continued to beat for seventy minutes. 
Necropsy revealed moderate stenosis of the right coronary artery in addition to the expected 
findings. 

Electrocardiogram: Tracings were taken after defibrillation. They first revealed auricular 
fibrillation with a ventricular rate of 45 per minute, low QRS comple.xes and depressed S-T seg- 
ments. Twenty minutes later, auricular flutter at a rate of 66 per minute with a ventricular rate 
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of 17 per minute was followed by auricular standstill. After the onset of the terminal rhythm, 
ventricular fibrillation occurred.. 

Case 11. — G. C., a man, 60 years of age. Acute myocardial infarct. While dancing, this man 
was stricken with an attack of substernal oppression. He gave a history" of previous anginal 
attacks. AVhile one of us was taking an electrocardiogram he collapsed suddenly and died. Ne- 
cropsy was not .permitted. 

Electrocardiogram (Fig. 4):‘ The three standard leads revealed normal sinus rhythm at a 
rate of 84 per minute with rare premature ventricular beats and the typical pattern of acute 
posterior myocardial infarct. During shifting to the chest lead, the patient collapsed and a record 
started a few seconds later revealed coarse ventricular fibrillation. 



Rig. 4. — Case 11. See text for description. 


Case 12. H. G., a man, 68 years of age. Hypertensive and arteriosclerotic heart disease. This 
patient had been followed for many j'^ears and had suffered several attacks of congestive heart 
failure and a cerebrovascular accident. On admission he was confused and in acute congestive 
failure. Blood urea nitrogen was markedly elevated. Despite 1.0 mg. of Ccdilanid given intra- 
venously in divided doses, he died in eleven hours. Necropsy revealed pneumonia of both lower 
lobes, moderate stenosis of the aortic valve, marked generalized arteriosclerosis including the 
coronary and pulmonary arteries, acute fibrinous pericarditis, myocardial fibrosis, and left ven- 
tricular hypertrophy and dilatation (heart weighed 510 grams). 

Electrocardiogram: The initial record revealed auricular fibrillation with a ventricular rate 
of ,148 per minute. Following Cedilanid, nodal rhythm was noted at a rate of 70 per minute. The 
ventricular complexes broadened and the rhythm became irregular. The T wave, previously 
flat, became upright and many ectopic ventricular beats appeared. Finally, there was a sudden 
burst of ventricular fibrillation, with gradual decrease in amplitude, and standstill. 

Case 13. — C. G., a man, 71 years of age. Hypertensive and arteriosclerotic heart disease; 
Stokes-Adams syndrome and congestive failure. This patient was admitted for the last time in 
congestive failure. Despite digitalis, diuretics, and paracenteses, he died suddenly on the four- 
teenth hospital day after a series of attacks of cardiac standstill lasting from fifteen to forty-five 
seconds. Necropsy was not permitted. 
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Eleclrocardiogravi: The terminal tracing showed slightly irregular, upright, monophasic 
QRS complexes at a rate of 84 per minute with no visible P waves. These ventricular complexes 
suddenly stopped, revealing notched P waves at a rate of 35 per minute. Ventricular rhythm 
again started after twenty seconds at the rate of 75 per minute. This lasted about ten seconds, 
and the terminal event was gradual slowing and flattening of the auricular waves at a rate of 22 
per minute with complete ventricular standstill. 

Case 14. — M. L., a woman, 27 years of age. Patent ductus arteriosus with subacute bacterial 
endocarditis due to hemolytic Staphylococcus albus. The patient was admitted ,with a typical his- 
tory, signs, and symptoms of both conditions. After preliminary penicillin therapy, ligation of 
the duct was attempted under gas-oxj'gen-ether anesthesia. As the pericardium was opened, 
the arterial pressure dropped suddenly. A generalized convulsion started on the left side, and 
soon after, the heart stopped. After massage, local procaine, and defibrillation, ventricular fibril- 
lation persisted. After about six more shocks, fairly normal contractions started. After the 
intracardiac injection of adrenalin, the heart beat for five minutes and again stopped. Massage 
was successful and the ductus was ligated with disappearance of the thrill. The chest was closed 
and the patient began to breathe spontaneously. She died nine hours later without regaining 
consciousness. Necropsy revealed a ligated patent ductus arteriosus, subacute bacterial endor 
carditis of the pulmonary valve, recent pulmonary infarcts of the low’er lobes, and what appeared 
to be an ante-mortem embolus in a cerebral artery on the right. 

Electrocardiogram: Tracings were taken from 8:25 a.m., just before anesthesia, until the 
patient left the operating room. The last nine hours were not recorded. The first strip showed 
sinus tachycardia. This continued until just before the convulsion when ectopic ventricular beats 
occurred. Next there were short bursts of supraventricular beats until complete standstill oc- 
curred. This was followed by coupled ventricular beats. Then ventricular flutter merged into 
ventricular fibrillation. With further shock therapy the fracings reverted to ventricular tachy- 
cardia and eventually auricular fibrillation wdth fast ventricular rate. 

Case 15. — I. F., a man, 52 years of age. Arteriosclerotic heart disease with remote myocardial 
infarction and fibrous obliteration of pericardium. This man was admitted for pericardiectomy 
because of calcification of the pericardium overlying the right ventricle. He had suffered a myo- 
cardial infarct nine years previously. Recently congestive failure had occurred. Under gas-oxygen- 
ether anesthesia, the heart stopped beating before the mediastinum w'as entered. Incision of the 
pericardium and cardiac massage produced a feeble beat. The w'ound was closed and the patient 
died several hours later. Necropsy revealed fibrous obliteration of the pericardium over the 
right ventricle; coronary arteriosclerosis with remote occlusions of the circumflex and anterior 
descending branches of the left coronar}^ artery, remote calcified infarct and aneurysm of the 
anterior half of the left ventricle and interventricular septum, and the results of the recent surgery. 

Electrocardiogram: Routine tracings before operation were typical of remote anterior in- 
farction. During operation, sinus tachycardia was supplanted by ventricular standstill. This 
was followed by A-V dissociation wdth a slow, irregular ventricular rhythm of 35 per minute, 
while the auricular rate w'as 60 per minute. About an hour later, bizarre ventricular complexes 
with periods of standstill occurred. Next was noted ventricular standstill follow'ed by slow, un- 
dulating ventricular waves (50 per minute). Then irregular ventricular complexes wdth retro- 
grade P waves were noted and periods of complete standstill. Finally, a few rare waves, probably 
of auricular origin, terminated electrical activity. 

Case 16.— M. T., a woman, 49 years of age. Hypertensive cardiovascular disease, dissecting 
aortic aneurysm, and syphilis. About an hour before admission, the patient suffered excruciating 
back pain and vomited. On admission, as in the past, she was in congestive heart failure. She 
was given morphine sulfate and died suddenly while an _electrocardiogram was being taken. 
Necropsy was not permitted. 

Electrocardiogram: Previous records- revealed left axis deviation and digitalis effect. On the 
first of the terminal records, standard leads revealed sinus tachycardia. The final strip showed 
A-V dissociation with the auricles beating at a rate of 60 per minute and the ventricles at 51 per 
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minute. The ventricular complexes were very wide and bizarre. The ventricular rate slowed to 
12 per minute and stopped. P waves disappeared when the ventricular rate was 24 per minute. 

Case 17. — S., a woman, 30 years of age. Air emhoHsm. This healthy woman was given 
a Rubin test for tubal patency under nitrous oxide anesthesia. At the end of the procedure, the 
blood pressure was unobtainable and respirations fell to 4 per minute. Within six to ten minutes 
the pericardium was incised and the heart beat restored after defibrillation and massage. There 
was evidence of air in the veins at this time. Later the chest was reopened and a hemorrhage 
stopped. Patient expired nine hours later. Necropsy revealed nothing beyond the expected 
surgical trauma and slight salpingitis. 

Electrocardiogram: Tracings were started just after the emergency operation began. The 
first strip revealed right bundle branch block at a rate of 150 per minute. Next ventricular 
fibrillation alternated with flutter at 152 per minute. (During these strips the patient was dead 
clinically.) The next strip showed small ventricular complexes at a rate of 75 per minute which 
slowed to 20 to 30 per minute, with auricular fibrillation. Next the patterns of ventricular flutter, 
slow ventricular rhythm, ventricular fibrillation, ventricular flutter, and a multifocal ventricular 
rhythm occurred in that order. Finally, ventricular tachycardia at a rate of 136 per minute 
changed to sinus bradycardia at 46 per minute, and the last strip revealed a sinus tachycardia at 
125 per minute. Records were not taken at the second “clinical” death. 

Case 18. — M. S., a woman, 62 years of age. Massive, confluent bronchopneumonia with con- 
gestive heart failure. This delirious patient was admitted with pneumonia of three weeks’ dura- 
tion. The liver was enlarged and ankle edema was noted. She died in a few hours. Necropsy 
revealed massive, confluent bronchopneumonia throughout both lungs. The heart appeared 
normal. The liver was congested. 

Electrocardiogram: Supraventricular tachycardia with frequent ventricular premature beats 
changed to auricular fibrillation with a ventricular rate of 88 per minute. Then broad ventricular 
complexes occurred at 54 per minute. Finally, ventricular tachycardia appeared (rate 163 per 
minute) and sudden complete standstill terminated the record. 

Case 19. — A. G., a man, 65 years of age. Hypertension, gastrointestinal bleeding, and (?) 
acute myocardial infarction. Prior to admission, this patient had substernal oppression on exertion. 
On admission, he stated that hematemesis and mclena had been present for three days. The 
hemoglobin dropped during hospital stay from 9.5 Gm. to 8.0 Gm. per 100 cubic centimeters. 
On the third hospital day, a crushing substernal pain occurred with shock. He died in forty-five 
minutes while an electrocardiogram was being taken. Necropsy was refused. 

Electrocardiogram: Previous records taken on his first two hospital days revealed abnormal 
left axis deviation. The terminal strip showed coarse ventricular fibrillation. 

Case 20. — A. W., a man, 39 years of age. Hypertensive heart disease with recent and old myo- 
cardial infarcts. The patient gave a history of myocardial infarct six months prior to admission 
and stated he “shot several pulmonary emboli.” Fifteen minutes before admission he noted crush- 
ing substernal oppression. Despite medication, his symptoms increased and he expired less than 
an hour after admission while an electrocardiogram was being taken. Necropsy was refused. 

Electrocardiogram: The initial standard and chest leads revealed sinus tachycardia with 
intraventricular conduction defect. This changed to nodal rhythm with dropped ventricular 
beats (rate 22 per minute). This changed to A-V dissociation (auricular rate 50 and ventricular 
rate 33 per minute). Finally, after a brief period of nodal rhythm (rate 28 per minute), the P 
waves disappeared and there were bizarre ventricular complexes at a rate of 10 per minute. 
Cardiac standstill then terminated the record. 

Case 21.— A. C. S., a man, 75 years of age. Benign prostatic hypertrophy andangina pectoris (?). 
The patient was. admitted because of urinary retention. He gave a history suggestive of anginal 
syndrome. Physical examination revealed no cardiovascular abnormalities except peripheral 
arteriosclerosis. The heart was within normal limits by x-ray examination. The first stage 
prostatectomy was uneventful. During the second stage, under open-drop-ether anesthesia, the 
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heart rale quickened and the blood pressure rose l-apidlJ^ Pulmonary edema ensued. Following 
intravenous administration of CedilanicT, 1.6 mg., and aminophylline, the patient expired within 
an hour. Necropsy was not obtained. 

Electrocardiogram: The initial tracing upon admission showed bradycardia and left axis devia- 
tion. The terminal strip, started about fifteen minutes before clinical death, revealed sinus 
tachycardia (rate 188 per minute) which shifted suddenly to ventricular tachycardia (rate 172 
per minute). Later ventricular fibrillation occurred. The next strip showed small fibrillatory 
waves for about two seconds. Standstill followed for another few seconds. Then there appeared 
some irregularly spaced, bizarre ventricular complexes at a rate of 5 to 10 per minute which lasted 
several minutes and were followed terminally by a fine ventricular fibrillation that lasted six seconds. 

C.'tsE 22. — W. H., a man, 50 years of age. Hypertensive cardiovascular disease with recent and 
old infarcts of lungs and heart. He had been digitalized for congestive heart failure but had taken 
no digitalis in the month prior to hospitalization. He was admitted with hemoptysis. He re- 
ceived 1.4 Gm. of digitalis bj' vein and muscle in the eighteen hours prior to death. While an 
electrocardiogram was being taken, he died suddenly. Necrops}' findings consisted of a dilated 
heart weighing 940 grams with recent infarction of the right auricle, old healed infarction of the 
apex of the left ventricle and inter\'entricular septum, and old and recent infarcts of the lungs. 
There was marked, generalized, severe arterial and arteriolar sclerosis. 

Electrocardiogram: Previous tracing revealed left bundle branch block. Terminal strip re- 
vealed supraventricular tachycardia (rate 150 per minute) with prolonged QRS and terminal 
ventricular fibrillation. 

Case 23. — J. M., a man, 87 years of age. Arteriosclerotic heart disease with Stokes-Adams syn- 
drome and aortic stenosis. (The record of this patient was taken by Dr. Austin Weisberger who 
kindly gave us permission to include it in this study.) This aged man was admitted to a Naval 
Hospital because of frequent bouts of fainting. He was not in congestive failure. Treatment 
with ephedrine sulfate was ineffective. His terminal attack ended in anoxemic convulsions. The 
heart continued beating at least two hours after respirations ceased. At necropsy the findings 
were marked, generalized arteriosclerosis, stenosis of the aortic valve, and a hypertrophied heart. 

Electrocardiogram: Tracing taken two months prior showed sinus bradj’cardia with a rate 
of 56 per minute. Tracing about one week prior to death revealed ventricular standstill upon 
carotid sinus pressure. The record several days prior to death showed dissociation with an 
auricular rate of 62 and a ventricular rate of 32 per minute. The terminal tracing started with 
frequent episodes of ventricular asystole. Bizarre ventricular complexes ensued at a slow rate. 
The rate increased to 120 per minute and then slowed. In the meantime, the auricles beat inde- 
pendently at about 70 per minute. Finally, there was sudden complete ventricular asystole. 
The auricular rate slowed to 30 per minute and-stopped for five seconds. This was succeeded by 
irregular, wide, ventricular waves at a rate of 70 per minute with inverted T waves. Then, 
regular small ventricular complexes with deep Q and upright T waves occurred. Then followed 
ventricular flutter at a rate of 70 per minute lasting twenty seconds. These waves became irregu- 
lar, smaller, and ceased gradually. 


SUMMARY OF OUR CASES 

Our twenty-three patients ranged in age from 10 to 87 years. No definite 
heart disease could be found in seven cases (Table I). Of these latter patients, 
in one case, sudden death was due to ventricular fibrillation, while in three, 
ventricular fibrillation was but the terminal phase occurring long after “clinical” 
death. The remaining three patients of this group showed no ventricular fibril- 
lation. The heart slowed and then stopped abruptly. Of the sixteen cases of 
obvious heart disease, seven ended with ventricular fibrillation (Table II). Of 
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Summary: Sixteen cases, seven ventricular fibrillation 
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the eight patients with recent or old inyocardial infarction, four died suddenly 
as a result of the abrupt onset of ventricular fibrillation, while the other four 
patients died suddenly with slowing and abrupt standstill. Fifteen of the six- 
teen patients with diseased hearts died rapidly. In only five of these was death 
directly due to the onset of ventricular fibrillation. 

DISCUSSION OF THE LITERATURE, EXPERIMENTAL WORK, AND OUR CASES 

Sudden Death . — We have reviewed the literature, which is summarized 
briefly in Table III. Including our cases, eighty cases of heart disease were noted 
while seventy-six patients died of other .causes. Thirty-one of the heart cases 
and twenty-six of the other cases terminated in ventricular fibrillation. On 
careful study of the cases, we found only eight in which sudden death was directly 
due to the onset of ventricular fibrillation. An equal number of deaths were 


Table III. Previous Reports of the Terminal Electrocardiogram 


AUTHOR 

YEAR 

TOT.AL 

CASES 

HEART 

DISEASE 

VENTRIC- 

ULAR 

FIBRILLA- 

TION 

OTHER 

DISEASES 

VENTRIC- 

ULAR 

FIBRILLA- 

TION 

1 

Robinson’’ 

1912 

7 

0 


7 

1 

2 

Halsey” 

1915 

1 

0 


1 

1 

3 

Dieuaide and Davidson’ 

1921 

2 

2 


0 

0 

4 

Schellong’^ 

1923 

6 

3 


3 

2 

5 

Willi us” 

1924 

4 

2 

2 

2 

1 

6 

Kahn and Goldstein” 

1924 

7 

4 

0 

3 

2 

7 

Reid” 

1924 

1 

1 

1 

0 

0 

8 

Martini and Sckell” 

1928 

17 

8 

2 

9 

0 

9 

Turner” 

1931 

4 

4 

0 

0 

0 

10 

Hamilton and Robertson” 

1933 

1 

1 

1 

0 

0 

11 

Mej'er, P.” 

1934 

1 

1 

1 

0 

0 

12 

Calandre and Rodriques’ 

1934 

1 

1 

1 

0 

0 

13 

Duvoir and Pollet’ 

1934 

2 

0 

0 

2 

1 

14 

Herles” 

1934 

10 

6 

3 

4 

2 

15 

Laubrey and Degos” 

1934 

6 

0 

0 

5 

0 

16 

BucciantP 

1934 

sf: 


• 



17 

Jezer, et al.” 

1935 

2 

2 

0 


0 

18 

Vela’5 

1933 

1 

1 

1 


0 

19 

Misao, et al.’’ 

1937 

(30) 

? 

(9) 

? 

— 

20 

Sigler, et al.” 

1937 

20 

10 

3 

MSm 

4 

21 

Hanson, et al.” 

1937 

25 

7 

2 


8 

22 

Grieco and Schwartz” 

1938 

1 

1 

0 

■H 

0 

23 

Smith” 

1939 

1 

I 

I 


0 

24 

Levin’'* 

1939 

2 

0 

0 

2 

0 

25 

Goodrich and Needles’ 

1940 

2 

2 

1 

0 

0 

26 

Fritzche® 

1940 

1 

0 

0 

1 

0 

27 

Thompson’’ 

1941 

1 

1 

1 

0 

0 

28 

Franke’ 

1942 

* 





29 

Likoff, et al.” 

1944 

3 

3 

1 

0 

0 

30 

Krcll” 

1944 

1 

I 

1 

0 

0 

31 

Marchand and Finch” 

1944 

2 

0 

0 

2 

0 

32 

Volini. et al.” 

1945 

2 

2 

2 

0 

0 

33 

Stroud and Feil 

1947 

23 

16 

7 

7 

4 

Totals 


187 

80-F 

40 

76 

26 


Paper not available. 















STROUD AND FEIL: TERMINAL ECG 


921 


due to standstill of the heart. In all these cases, the history or necropsy findings 
showed 'coronary heart disease. 

Harris points out in his paper on acute experiments in dogs that occlusion 
of a coronary arterial branch for ten minutes will result in ventricular fibrillation 
in about 50 per cent of the cases, either initially or upon release of the occlusion. 
The cause of the ventricular fibrillation is due to rapid, repetitive ectopic systoles 
that shorten the period of refractoriness and/or slow conduction It must be 
remembered that two important differences exist between our series and that 
of Harris. First, he is dealing with animals in which the coronary arteries and 
myocardium are presumably healthy before the experiment, while our cases of 
heart disease are obviously abnormal. Second, in dogs the induction of ventricular 
fibrillation results in permanent fibrillation unless defibrillation is performed 
In human subjects, ventricular fibrillation is not necessarily a permanent event, 
as there are a number of case reports in which spontaneous return to regular 
rhythm has been noted. In the literature we reviewed, although no recoveries 
occurred, a small number of the patients returned to orderly ventricular excita- 
tion after the burst of ventricular fibrillation. 

Slow Death (Anoxic and Hemorrhagic Shock). — From our cases and those in 
the literature a fairly consistent pattern evolves. However, many exceptions 
prove the rule and no prediction can be made from the clinical findings in an 
individual case as to the terminal electrocardiographic, patterns. The sequence 
of events is as follows: The initially rapid rate with sinus rh5^thm slows. Ectopic 
supraventricular beats may arise. There is prolongation of the auriculoventricu- 
lar conduction time. Then excitation is initiated in the A-V node. Next, auricu- 
lar activity ceases as the ventricular pacemaker develops. At this time, if many 
ectopic ventricular foci become active, ventricular flutter and fibrillation may 
ensue. Then, either the rate slows and the heart stops, or the rate increases and 
again a flutter-fibrillation may occur. In rare instances, auricular waves may be 
seen after all ventricular activity has ceased. The QRS widens and is reduced 
in amplitude. The T wave becomes larger and if inverted, becomes upright. 
Finally, the QRS and T merge into a monophasic, positive Avave. The x wave 
of Shellong®'' can sometimes be seen between the QRS and T waves. It is usually 
upright. If auricular fibrillation was present previously, the rate sIoavs and a 
regular nodal rhythm occurs. Auricular fibrillation rarely occurs. Dissociation 
of auricular and ventricular AA^aves may occur. The most extreme example A\^as 
cited by Fritzche® in AA'hich three different ventricular Avaves occurred inde- 
pendently. TAAm of them probably represented “partial systole” in AAdiich a 
small, localized area of ventricular muscle beat independently of the main muscle 
mass. In summary, then, the course of events is sinus sloAving, nodal rhythm, 
ectopic ventricular systoles, ventricular rhythm, sloAAdng, and stoppage. Ven- 
tricular fibrillation occurs usually AA^hen there is ventricular tachycardia and 
ectopic ventricular beats or folloAAung a period of as^^stole. 

Harris^®*^ has shoAvn experimentally (in dogs) that the pattern Ave have 
described is seen in prolonged anoxemia or hemorrhage AAnth the induction of 
shock. He has shoAAm that sectioning of the vagus nerves aauII prevent the slow- 
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ing initially. He also showed that eventually the pattern will occur even with 
sectioning of the vagus nerves and suggests that it is then a local anoxic and 
metabolic reaction. 

Therapeutically, in anoxemic emergencies Avhere the individual is otherwise 
in good condition generally, the vagal implication suggests that the use of atro- 
pine may prevent cardiac standstill. 

smiMARY 

1. Twenty- three cases in which terminal electrocardiograms were ob- 
served have been reviewed in conjunction with a review of the literature and 
experimental work. 

2. The electrocardiographic pattern of anoxic and/or hemorrhagic shock 
and the role played by the vagus nerves were described. 

3. The terminal electrocardiogram showed ventricular complexes which 
were usually aberrant in form and slow in rate. Permanent standstill occurred 
without ventricular fibrillation in 50 per cent of the cases. 

4. We have reported eight sudden deaths associated with coronaiy'^ heart 
disease and found an equal number in the literature. Of the sixteen deaths, 
eight were due to a sudden burst of ventricular fibrillation and eight to sudden 
ventricular standstill. 
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THE CHANGING INTENSITY OF THE FIRST SOUND 
IN AURICULAR FLUTTER, AN AID TO THE 
DIAGNOSIS BY AUSCULTATION 


W. Proctor Harvey, M.D., and Sajmuel A. Levine, M.D. 

Boston, Mass. 

T he bedside diagnosis of auricular flutter is generally regarded as being difficult 
or impossible to make with any degree of accuracy. In most instances, its 
recognition first becomes apparent after electrocardiographic study. There are, 
however, some findings which lead one to suspect its presence, and vdth in- 
creased experience, even definite diagnoses can be made. 

When the heart rate is rapid and regular (130 to 170) and carotid sinus 
stimulation produces some temporarj'^ slowing followed b)'’ an -irregular and 
“jerky” retreat to the former regular rate, auricular flutter is likely to be present 
(Fig. 1). If the heart rate is slow and regular and the possibility of auricular 
flutter is kept in mind, a brief exercise test may reveal the true nature of the ab- 
normality. The rate may suddenly double (that is, change from 70 to exactly 
140), or it may become rapid and irregular. In both instances, the increased 
rate is likely to return to the previous slow regular rhythm in a few minutes on 
resting (Fig. 2). The test can be employed if the heart rate is already irregular, 
as it may become more rapid and perfectly regular on exercise (Fig. 3), whereas 
auricular fibrillation, vith which it can be confused, vdll retain its irregular 
rhythm (Fig. 4). The effect of a deep inspiration may also prove valuable. 
Occasionally, this not only produces a slowing but causes the rhythm to become 
more irregular than is ordinarily observed in other conditions. 

A further point that may be helpful in diagnosis is the actual rate of the 
tachycardia. If the rate is 190 to 200 and perfectly regular, it is extremely un- 
likely that flutter is present. The auricular rate would of necessity be either 
190 to 200 with a 1:1 rhythm or 380 to 400 with a 2:1 block. The former possi- 
bility can be fairly well ruled out because 1:1 flutter is extremely rare and the 
auricular rate of 190 is too slow (if untreated). The latter is very unlikely be- 
cause the auricular rate in flutter rarely e.xceeds 360 (except with thyrotoxicosis 
and during fever). 

The purpose of this paper is to report our observations on a new sign which 
is commonly present in auricular flutter, that is, a changing intensity of the first 
sound. This phenomenon is similar to that obser\-'ed in other conditions, and 

Prom the Medical Clinic of the Peter Bent Brigham Hospital and the Department of Medicine, 
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■ EFFECT OF CAROTID SINUS STIMUUTtON ON AURICULAR FLUTTER, (e: I, BIjOCK). 

, • i®l®2 S' , /l ®2 S,= $2 . •• ■ , 



Fig. 1. — Carotid pressure produced prompt marked ventricular slowing, not affecting the flutter 
waves (P). jSTotc "jerky” return to normal rhythm indicated by differences in R-R intervals. Patient 
was a 67-ycar-old man with paroxysmal auricular flutter. 
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Fig. 2. - A 39-year-old man with paroxysmal auricular flutter. Note doubling of rate (02 to 123) 
after two minutes of exercise consisting of "hopping up and down." The mechanism changed from 
4:1 block to 2:1 block. 



Fig. 3.— Note irregular rate (05) with flutter of varying block, 3:1, 5:1. Following exei’cise, the rate 
became regular (123) with a 2:1 block. A 39-year-old man with no organic heart disease. 
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Fig. 4. — Upper tracing shows auricular fibrillation ■with only very slight irregularity. Heart sounds 
iSi, Si) constant. Artefact (X) due to breathing. Exercise brought out irregularity (middle tracing). 
Three minutes later (lower tracing) heart had returned to original rhythm. This 59-year-old man had 
hjiiertensivo heart disease with failure. 
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the mechanism can probably best be appreciated by a brief review of the relation- 
ship of the P-R interval to the intensity of the first sound. Although this con- 
cept is not new,-* it is apparently not generally known or has not been adequately 
stressed. Wfiicn the P-R interval is prolonged, the first sound is usual!}’’ di- 
minished (Fig. 5). It is not necessary that the P-R be much prolonged, for. even 
an interval of 0.21 second or 0.22 second will produce a faint first sound. This 
is a clinical means, and the only auscultatory finding that can lead to the sus- 
picion of first degree heart block. Conversely, as one might suspect, when the 
P-R interval is short, the first sound is increased (Fig. 5). 

The relationship of the P-R interval to the intensity of the first sound is 
well illustrated in Fig. 6. This patient with first degree heart block (P-R interval 
0.28 second) had a faint first sound. Following intravenous injection of 1.0 mg. 
of atropine sulfate, the P-R interval was shortened to 0.18 second with a marked 
increase in intensit}’’ of the first sound, although the heart rate was unaltered. 
Complete heart block (Fig. 7) is another decisive illustration of this phenomenon, 
because in this condition the auricles and ventricles are beating independently 
with frequently changing P-R relationships. Again, it will be noted tirat when 
the P-R interval is short, the first sound is loud, whereas when it is lengthened, 
the first sound is diminished. Wfiien the P wave coincides exactly with the QRS 
complex, there may be no increase in the first sound. This clianging intensity 
of the first sound in complete heart block, or the so-called “bruit de canon,” is 
almost pathognomonic of this condition (an exception is shown in Fig. 9). This 
sign was first described by Strazhesko^ in 1906, and later by Griffith^ in 1912. 
Additional light is shed on the problem by the observation that auricular fibril- 
lation with a regular, idioventricular rhythm, such as occurs with overdosage of 
digitalis, shows a constant first sound (Fig. 7). This is in distinct contrast to the 
changing sounds In complete heart block at the same rate, and is added proof of 
the influence of auricular contraction on the intensity of the succeeding first 
sound. Another example is that of ventricular tachycardia. Here, also, the 
auricles and ventricles may be contracting independently. The changing in- 
tensity of the first sound in a tachycardia which does not respond to carotid 
sinus stimulation, especially if the rate is slightly irregular,^ leads one to make 
the correct diagnosis of ventricular tachycardia. In Fig, 8 the loud sounds are 
generally preceded by a short P-R interval, giving the complexes of the electro- 
cardiogram coincident with the loud sound a configuration practically similar 
in each case. In fact, one can predict, without looking at thephonocardiogram, 
which complex will correspond to a loud first sound. 

In this study we have noted that a changing intensity of the first sound 
is also common in auricular flutter. This observation was actually “stumbled 
upon” as a result of the examination of an 89-year-old man with carcinoma of the 
prostate. Auscultation of the heart revealed a slow, apparently regular rate of 
42 per minute with a marked changing intensity of the first sound. Complete 
heart block was suspected, but carotid sinus stimulation produced an immediate 
and prompt slowing of the ventricular rate, which is unusual with complete 
, block. The electrocardiogram revealed a regular 5 ;1 auricular flutter and the 
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,._ upper tracing, note changing intensity of heart sounds, especially first sounds (Sj) in 

1 eren c^ cles. \ cry loud are the sounds occurring %vith very short P-R intervals. "When P and QRS 
slinuitaneously, first sound is not increased. Also note audible auricular sounds {A). Man, 75 
ritin*H,? -A^dams-Stoltes disease. In lower tracing, a case of complete Ifiock with auricular flb- 

tcration change in first sound. The auricles are not contracting and thus there is no P-R al- 
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phonocardiogram portrayed the changing intensity of the firk sound noted 
clinically (Fig. 9). Careful measurement of the P-R inten’-als revealed that the 
ventricular response was not perfectly regular, but usually varied from 0.01 to 
0.02 second in adjacent complexes. These minor differences, however, were 
sufficient to alter the over-all “P-R” relationship with the resultant change in 
the fiist sound. At other times, this patient was obser\^ed when his ventricular 
rate was noticeably irregular at the slow rate, and again, the first sound varied 
as before (Fig. 10). 

In discussing the "P-R" relationship to the changing intensity of the first 
sound in auricular flutter, we purposely use quotation marks because of the ob- 
vious difficulty in deciding exactly where the “P” wave of auricular flutter begins. 
The differences of opinion as to whether the flutter v^ave begins with the upper 
peak, lowest point, or the “notch” on the down stroke has long been a contro- 
versial subject.^’^ This remains unsettled, but we feel that the “notch” actually 
represents the beginning. However, for convenience and ease of measurement, 
we have arbitrarily chosen as the beginning of “P” the lowest point of the wave 
preceding the QRS complex. The tip of the R wave has been designated “R.” 
In this way we have attempted to correlate a changing “P-R” relationship to 
the changing intensity of the first sound in auricular flutter, similar in principle 
to that observed in complete heart block and ventricular tachycardia. Proof 
that such a relationship actually exists is shown in Figs. 9 and 10. ^^^len the 
“P-R” was in the range of 0.10 to 0.20 second, the first sound was loud, the 
loudest sound being at a “P-R” relationship of around 0.14 to 0.15 second. 
Above and below this range, the sounds were characteristically dimim'shed. It 
is evident from the tracings that very slight changes in the P-R interval can 
cause marked differences in the intensity of the first sound. Using this or 
another arbitrary “P-R” measurement, similar results were noted in the other 
cases, although the “range” for loud first sounds varied with the individual 
case. 

This first experience served as a stimulus to search for similar findings in 
other cases of auricular flutter. Since then, ten patients vath auricular flutter 
have been studied. Although the phonocafdiograph was used to obtain ob- 
jective proof, in these cases simple auscultation Avith an ordinary stethoscope 
revealed the significant changes. The changing intensity of the first sound has 
been noted in all but two instances.* These two exceptions were not surprising, 
as it could be predicted that whenever the “P-R” interval remained constant 
the first sound would not change in intensity. Such events are known to occur 
when there is a pure and constant 2:1 or 4:1 A-V block in auricular flutter. This 
is well illustrated in Fig. 11. Examination of the phonocardiograms of flutter 
with constant sounds revealed that the “P-R” relationship also remained con- 
stant. Only when there was a difference in the ventricular response, even though 
slight, was there a change in the first sound (except for the minor changes pro- 
duced by respiration). 


*.A third case (middle tracing of Fig. li) showed 
ing .sounds at other times (third strip in Fig. 13). 


constant sounds when in pure 4:1 block and chang- 






Fig, 10. — Noto Irregularity of ventricular rhythm and marked change in intensity of first sound 

.10 to .20 second and faint on either side of tlds range. 
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WTien there was a varying response in flutter such as 3:1, 2:1, and so fortli, 
the first sound usually varied markedly, as would be expected. The loud sound, 
however, was not the result of a preceding longer diastole as is often noted in 
auricular fibrillation or following extrasystoles. The “P-R” relationship was 



Fig. 11.— Thrcecasessliowingconstar.tfirst sounds. The "P-Ii" interval in all cases remains practi- 
cally constant. Note that P in the first and second case is arbitrarily measured from the peak of the 
flutter wave. 


again the major factor as may be seen in lug. 12. Here the loudest first sounds 
were those, in a limited “P-R” range (in this case, about 0.19 to 0.24 second). 
When the first sounds did not fall in this “range” they were faint, even though 
the preceding diastole might have been prolonged. 
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These observations help to explain tlie differences in the changes in intensity 
of heart sounds in auricular flutter and fibrillation. In the former, tlie auricles 
are actually contracting, whereas in the latter they are not. In fibrillation, 
therefore, the first sound should not vary in intensity as much from beat to beat, 
as the loudness of any heart sound would only depend on the length of the pre- 
ceding pause and on the slight effect of respiration. In flutter tliere is the ad- 
ditional factor of auricular systole that has a much greater effect on the first 
sound. Fig. 12 shows a tracing of auricular flutter and one of fibrillation with 
the same ventricular rate. The changes in intensity of the first sound in the for- 
mer are much greater than in the latter. Although it is realized that other 
factors may influence tlie intensity of the first sound, such as respiration, rate, 
length of diastole, and so forth, for reasons already pointed out, we do not feel, 
that they are of major importance in the changing first sound in auricular flutter. 
In fact, the respirator^'" effect was eliminated in tlie upper tracing of Fig. 12 as 
the phonocardiogram was taken while the breath was held in midexpiration. 
The same technique was employed in most of the other studies reported here. 
We believe, as has been emphasized by Dock,’-® that the first heart sound is 
predominantly, if not entirely, valvular in origin, and is dependant to a great 
extent on the position of the A-V valves at the moment of ventricular systole. 
When the auricles contract just before tlie ventricles, the A-V valves are neces- 
sarily in a different position (deeper in the ventricles) than if tliey contract a 
longer- time before the ventricles, v'hen they may have already receded from 
their low position. It is logical to assume that the loudness of the sound will 
differ with changes in the position, which will be reflected in changes in the P-R 
interv'al. . 

In Fig. 13 are shown four cases of auricular flutter with changing intensity 
of the first sound. One might speculate that the first two cases resemble par- 
oxysmal auricular tachycardia with block, but a study of other tracings, par- 
ticularly during carotid sinus stimulation, made us regard them as instances of 
auricular flutter. Changing first sounds were noted in each of the four cases. 
Fig. 14 illustrates a case of 2:1 flutter with a changing first sound. Although the 
basic rhythm was 2:1 block, the ventricular response was not perfectly regular. 
Conduction, to the ventricles from the perfectly regular auricles was not abso- 
lutely constant with each second cycle. The correct diagnosis of this case was 
made at the bedside on the basis of the auscultatory findings and the response 
to carotid sinus stimulation. 

In addition, we have observed two cases of paroxysmal auricular tachy- 
cardia with block, apart from the two questionable cases illustrated in Fig. 13, 
Avhich also showed changing first sound (Fig. 15). As in flutter, the “P-R” 
relationship was an apparent major factor. In fact, one would suspect that the 
findings in paroxysmal auricular tachycardia with block and auricular flutter 
would be alike in this respect, because of the underlying similarity of the two 
mechanisms. 

In addition to the changing first sound, occasionally one may hear “extra”- 
sounds during the cardiac cycle which correspond to auricular contractions. 




Fig. 13.- Four cases of auricular flutter showing changing first sounds (Si). Xote that the 
interval in all cases is measured from the peak of the “P” wave. The loud first sounds occur in a P'P 
range of .06 to .12 second in the first case, .06 to .10 second in the second case, .22 second in the third 
case, and .10 to .13 second in the last case. 



Fig. 14.— -'Ian, ,^6 years of age, with 2;1 flutter following myocardial infarction. Changing in- 
tensity of first sound (Sj) noted clinically. The S-S intervals are not perfectly regular. Carotid pres- 
sure in lower tracing brings out the auricular tvaves (P). 
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Such auricular sounds in flutter have been described and photographed by pre- 
vious observers/^ The sounds may appear during S 5 \stole (between the first 
and second normal sounds) or in different parts of diastole (Fig. 16). In one 
instance, the extra sounds were so prominent that they made some observers 
believe auricular fibrillation was present, though the true ventricular rate was 
rather slow and almost regular. 



Fig. IG.— In upper tracing note almost regular rhythm with marked increase in intensity of the 
first sound (Si) when “P-E” is. 19 second. Audible auricular sounds (A) occur during systole (between 
Si and 8i) as well as during diastole (S 2 — Si). Note auricular sounds in last two complexes are louder 
than second sound (Sj), Woman, 32 years of age, with rheumatic heart disease. Lower tracing (Case 
2): "P-R" range of .14 to .15 second results in loudest Si. Audible auricular sounds also present in 

systole and diastole. Basic rhythm irregular. Man, 60 years of age, with rheumatic heart disease. 


We beliei^e that the auscultatory findings which have been discussed serve 
as an added aid to the bedside diagnosis of auricular flutter. They should prove 
valuable, especially when coupled with the other previously established methods 
of diagnosis. Although resort to the electrocardiograph may at times be indis- 
pensible in obtaining final proof, these simple signs may often enable the ob- 
serv^er at least to suspect the presence of auricular flutter and at times to make a 
fairly definite clinical diagnosis. 


SUMMARY 

A new auscultatory’- sign has been observed in auricular flutter; changing 
intensity of the first heart sound. This phenomenon was present in eight cases 
where the ventricular response was irregular, although in some the degree of 
irregularity was very slight. In two instances where the rhythm was pa'fectly 
regular the first sound was essentially constant. It is thought that the changing 
intensity of the first sound is a result of a variation in the P-R inteiA^al similar 
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to tiie mechanism of the changing intensity of the first sound in complete A-V 
block and ventricular tachj^cardia. 

These observations support the hypothesis that the first heart sound is 
mainly, if not entirel}':, valvular in origin and is dependent to a great extent on 
the position of the A-V valves at the' moment of ventricular systole, a concept 
proposed by Dock. 

Other factors, such as respiration and length of diastole, which may in- 
fluence the intensity of the first sound, were found not to be responsible for the 
alterations obser\^ed in this stud^^ 

Two cases of paroxysmal auricular tachycardia with block were also ob- 
, seiA'ed which showed a changing intensity of the first sound, the mechanism 
being similar to that of flutter. 

Other methods tliat aid in bedside diagnosis are the slowing effect following 
carotid sinus stimulation or deep breathing, particularly when there follows a 
jerk}'^ or irregular retreat to tlie original rate, the effect of exercise which may 
exactly double the heart rate or temporarily cause the irregular rhythm to be- 
come rapid and regular, and the detection of additional "auricular” sounds com- 
ing in different parts of diastole and even during systole. 

These new auscultatory findings, coupled with otlier bedside methods of 
examination, have been very helpful in the clinical diagnosis of auricular flutter. 
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OXYGENATION STUDIES IN CONGENITAL PULMONARY 

STENOSIS 


An Appucation of Recokding Oximetry in the Evaluation of 
Cardiorespiratory F unction 

Glenn Gullickson, M.D., James O. Elam, M.D., 

Margaret Hammond, M.D., John R. Paine, M.D., 
and Richard L. Yarco, M.D. 

Minneapolis, Minn. 

R ecently the Blalock-Tausslg operation*"' has been performed in four- 
teen cases of tetralogy of Fallot at this hospital. Physiologic studies ot 
pulmonary oxygenation were made in ten of these patients bj" means of record- 
ing oximetry, of which two representative cases are presented. The studies were 
carried out preoperatively, during surgerjL and postoperatively. The data ob- 
. tained afford a convenient measure of cardiore-spiratory function. Consequently, 
the method should be useful for assaying the benefit derived from the operation. 
In addition, the recorded changes in the arterial oxygen saturation during sur- 
gery offer a valuable adjunct to the surgeon and to the anesthetist. 

METHODS 

The Millikan-Smaller oximeter,®-® tog&ther with suitable recording appara- 
tus described by Heming^vay,*^-® was used to obtain continuously the relative 
changes in the patient’s arterial oxygen saturation. Arterial blood was drawn 
at appropriate interv'^als during the o.ximetrj' to obtain absolute blood oxygen 
values for calibration of the oximeter tracings. This precaution is advisable, 
particularly in cyanotic patients, because of the lesser accuracy of oximetry in 
the lower saturation ranges.® 

In the preoperative studies, the effects on the arterial oxygen saturation 
were determined under the following conditions: (1) altering the tension of 
oxygen in the inspired air (using room air and 100 per cent oxygen), and (2) 
standardized exercise. 

During surger^^ the patient’s o.xygenation was recorded throughout the 
period of anesthesia. 
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Postoperatively, a similar procedure was carried out as in the preoperative 
test. Exercise was extended to obtain a significant eflfect on the saturation. 
For twelve hours prior to the tests the patient was kept in bed to insure a basal 
. state. 

CASE REPORTS 

Case 1. — ^An 11-year-old white boj', D. A., was admitted to University Hospitals on Sept. 18, 
1946, with a history of C 3 'anosis that had been noticed since the age of 5 years. During the past 
six years, the child’s physical endurance had progressively decreased, cj’anosis had become severe, 
and digital clubbing had developed. Within the three-week period prior to admission, the patient 
had several episodes of syncope and orthopnea. At the time of admission, the patient was able to 
walk only lift}’ feet before he was forced to rest. - 

Physical exarnination revealed a poorh' nourished, poorh' developed bo^' with d\'spnea at 
rest. A deep cj'anosis was present in the nail beds and mucous membrances. The skin showed a 
dusky appearance with a prominent superficial venous pattern. There was suffusion of the con- 
junctivae. Marked clubbing was apparent in the fingers and toes. Examination of the chest 
revealed no enlargement of the heart as determined bj' percussion; the rate and rhjThm of the 
heart were regular. The first heart sound was reduplicated and the second heart sound was pure. 
Along the left sternal border a soft blowing murmur was audible which was loudest in the second 
intercostal space. ^ The blood pressure was 90/80 in each arm. There was no sign of cardiac 
decompensation. 

Laboratory data showed a hemoglobin of 21.2 Gm., red blood cells of 8,700,000, and hematocrit 
of 80 millimeters. Arterial blood showed an oxj'gen content of 12.33 volumes per cent and an oxy- 
gen capacity of 30.82 volumes per cent (saturation, 40.9 per cent). The carbon dioxide capacity' 
of venous blood was found to be 51 volumes per cent. Blood chlorides were 582 mg. per cent and 
blood urea nitrogen was 12 mg. per cent. Electrocardiography showed right axis deviation with 
spiked elevations of the P waves. B\' x-ray and fluoroscopy^ the cardiac index was found to be 
within normal limits. There was noted an absence of fullness of the pulmonary conus and the 
right ventricle appeared enlarged. The aortic arch was on the right side. The vascular mark- 
ings in theTung fields appeared decreased. A diagnosis of tetralogy of Fallot was made, and on 
Sept. 20, 1946, the Blalock-Taussig operation was performed in which the left subclavian 
artery was anastomosed to the left pulmonary'- artery. 

Oximetry Studies . — 

■Preoperative (Fig. 1,.4.); The basal blood oxygen saturation was 40.9 per 
cent. Saturation response to the administration of 100 per cent oxygen showed 
an increase from 40.9 per cent to 45.0 per cent over a period of fifteen minutes. 
When the patient was e.xercised by walking, the saturation of blood oxygen 
decreased to 35 per cent within four minutes. At this time, because of the pa- 
tient’s distress, 100 per cent oxygen was administered, and seven minutes were 
required for the saturation to reach the previous basal level of 40 per cent. 

Operative Record (Fig. 1,.B); Following induction of anesthesia consisting 
of cyclopropane-oxygen, the patient’s saturation was increased to a recorded 
value of 42 per cent. A slight decrease was noted in the saturation when the 
chest was opened. On several occasions, the percentage of oxygen in the anes- 
thetic mixture had to be increased to prevent decreases in the saturation. When 
the left subclavian arteiy-Ieft pulmonary artery anastomosis was completed 
and the clamps released, the saturation was onty 42.6 per cent. Since a satura- 
tion increase of greater magnitude had been expected, the anastomosis yvas re- 
inspected. Following probing of the anastomosis there was a rise in the recorded 
saturation to 47 per cent. 




5 Minutes 


I.Von Slyke Oiygen Saturation 40% S,Cxcrcis« Stopped, P't Fatigued 
2.100% Oxygen By Mask On 6.100% Oxygen On 

3.100% Oxygen Otf 7.100% Oxygon Off 

4 Exercise Started 


Fig. 1,A . — Case 1. Preoperative oximetry studies. See text for further description. 



t VenStii»Osj««nS«t«tfltl«n S.L«ft S«bcl«vl«8 Arltty ct«mp%4 3. ABttleotMU 

2. Indvellcfl Of Anothetle OijftaBPtfeentlnerfM*^ KIAMtry CIsmpa Rilveild 

3. Cfe««t Opened T.Pvlmetiorf Artary Clanptd It.Chipt Cl»<ed 

4. An«ith«iia Osy^tn Pereint Incftaidd S.An«s}h«ild Oiytte ptrcesttstrft**^ Reeptoed 


llAnotteaetlt Ptobtd 
Id.Chait Cloitd 
IS.ABiathcife Steppid 
)&Oilmtlry Ot^ntinvad 


Pig. 1,B. — Case 1. Oximetry studies during operation. 



1,100% Oxygen By Mask On S.Exerclie Started 

2.Van Slyke Oxygen Saturation 82.3% B.Exer cite Stopped 
3. 100% Oxygen Off 7. f00% Oxygen On 

4.Van Slyke Oxygen Saturation 71.2% 8.100% Oxygen Off 


Fig. 1,C. — Case 1. Postoperative oximetry studies. 
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Postoperative 1,C)': This record was taken three months following 

operation. The basal blood oxygen saturation was 72 per cent. Saturation 
response to the administration of 100 per cent oxygen showed an increase from 
75 per cent to 85 per cent over a period of three minutes. When the patient was 
exercised as in the preoperative study, the saturation decreased to 53.5 per cent 
within two minutes. However, after five minutes of rest with the patient breath- 
ing air the saturation was restored to 70 per cent. 

Case 2 . — K 5-year-old white girl, L. R., was admitted to University Hospitals on Sept. 30, 
1946, with a history of cyanosis since birth. Since the age of 18 months, her condition had been 
diagnosed as congenital heart disease. She was able to take only a few steps before being forced 
to rest. There had been no episodes of unconsciousness. 

Physical examination revealed the patient to be well developed and well nourished. The 
skin Avas plethoric and there was a deep ej'anosis noted in the nail beds and mucous membranes. 
Moderate digital clubbing was present. Chest e.xamination showed no cardiac enlargement to 
percussion, heart sounds Avere Avell heard, and no irregularities of cardiac rate or rhythm AA'ere found. 
Along the left sternal border a harsh systolic murmur and thrill Avere apparent with greatest 
intensity in the third intercostal space. Blood pressure AA'as 104/84 in each arm. 

Laboratoiy data revealed a hemoglobin of 26.5 Grn., red blood cells of 9,840,000, and hema- 
tocrit of 82 millimeters. Arterial blood shoAA^ed an oxygen content of 15.4 volumes per cent and an 
oxygen capacity of 35.49 volumes per cent (saturation, 43.5 per cent). Electrocardiography 
shoAA'ed right axis deviation and spiked elevations of the P AA'aves. By x-ray and fluoroscopy 
the cardiac index AA'as found to be Avithin normal limits. A concavity Avas noted along the left 
cardiac border, and there Avas right ventricular hypertrophy. The aortic arch and descending 
aorta Avere on the right side. A diagnosis of tetralogy of Fallot AA-as made, and a Blalock-Taussig 
operation Avas performed on Oct. 3, 1946, at AA'hich time the innominate artery Avas anastomosed 
to the left pulmonary artery. 

Oximetry Studies . — 

Preoperative (Fig. 2, A): The basal blood oxygen saturation was 45.9 per 
cent. Saturation response to the administration of 100 per cent oxygen showed 
an increase from 45.9 per cent to 65.0 per cent over a period of ten minutes. 
Exercise test was unsatisfactory because the patient Avas in severe distress upon 
slight exertion. When 100 per cent oxygen Avas AvithdraAvn and the patient al- 
loAA^ed to breathe room air, tAventy minutes AA'ere required for the saturation to 
decrease to the preAuous basal Amine of 45 per cent. 

Operative Record (Fig. 2,B): FolloAAung induction of cyclopropane-oxygen 
anesthesia, the saturation reached a recorded value of 67 per cent and remained 
above 60 per cent until the pulmonary artery AA'as clamped. At this juncture 
the recorded saturation decreased to 55 per cent. FolloAving completion of the 
innominate artery-left pulmonary artery anastomosis, remoAml of the clamps 
^vas folloAved by an increase in the recorded saturation to 71 per cent. At this 
time the patient developed peripheral vascular collapse suddenly, and the sat- 
uration decrease accompanying this shock Avas rapidly reversed by the ad- 
ministration of the intravenous plasma and 100 per cent oxygen. 

Postoperative (Fig. 2,C): This record AA'as taken fiye months folloAA'ing oper- 
ation. The basal blood oxygen saturation Avas 78 per cent. Saturation response 
to the administration of 100 per cent oxygen shoAved an increase from 78 per 
cent to 88 per cent over a period of tAA'o and one-half minutes. When the pa- 
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Fig. 2, /I. — Case 2. Preoperative oximetry studies. See text for further descriptior. 
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Fig. 2,B. — Case 2, Oximetry studies during operation. 
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tient >vas exercised by walking, there w^as a decrease in the recorded saturation 
to 73 per cent within two minutes, and three minutes were required for the sat- 
uration to return to 78 per cent with the patient breathing room air. 

discussion 

The recording oximeter is a valuable instrument for studying oxygen sat- 
uration changes under various circumstances in patients with cyanotic congenital 
heart disease. To obtain the descriptive curves of the saturation responses by 
chemical analysis of arterial blood samples would be difficult, if not impossible, 
because of the many arterial punctures required. Because the physiologic ad- 
justment postoperatively depends primarily upon the efficiency of the heart 
and lungs in suppl^dng oxygen to the tissues, oximetry is an excellent method 
for obtaining this information directly. The complexity of vascular mixing in 
the cardiovascular s^’^stem of these patients necessitates indirect measurement of 
cardiac output and total pulmonarj^ flow postoperatively. Although oximetry 
does not provide these data quantitatively, the saturation responses furnish a 
valid measure of the success of the shunt operation. 

It is believed that a very significant determination for evaluation of the 
operative success is the saturation time. This term refers to the time required 
to reach maximal arterial oxygen saturation when a subject is breathing 100 
per cent oxygen. Recently, Fowler and Comroe-' have utilised oximetry to de- 
termine this interval in normal subjects. Their results indicate saturation time 
within three minutes. It is, of course, well known that a normal individual can 
fully saturate his arterial blood when breathing pure oxygen, while the average 
saturation is 97 per cent in the normal atmosphere. Preoperatively, in the cases 
studied in this series, the saturation time was prolonged three to four times over 
the normal, ranging from ten to fifteen minutes. Postoperatively, all patients 
were found to have saturation times within the normal range. More recently 
it has been possible to study three of Dr. Alfred Blalock’s patients, who were 
six months, one year, and two years postoperative, respectively. All three 
reached maximal saturation within three minutes when breathing 100 per cent 
oxygen. It is significant, however, that the exercise tolerance postoperatively 
(in terms of the range of the saturation response) continues to indicate a limi- 
tation in the cardiorespiratory reserve function. This is not surprising when one re- 
members that the proportion of shunted blood increases appreciably with exercise. 
The last two mentioned patients, nevertheless, showed a maximal decrease in 
saturation of only five per cent with extended exercise. 

The explanation of* the increased saturation time preoperatively in these 
cases, as well as the return to normal postoperatively, is not clear at the present 
time. The remarkably great increment in peripheral oxygen saturation, which 
usually occurs in patients with tetralogy of Fallot while breathing 100 per cent 
oxygen, is equally difficult to explain. 

One factor which has to be considered is an increased pulmonary capillary 
barrier. It is difficult to state whether or not a gradient between the alveolar 
oxygen tension and the oxygen tension in the pulmonary vein exists. However, 
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blood obtained from the pulmonary vein by catheterization in several cases of 
tetralogy of Fallot has shown an oxygen saturation of from 95 to 97 per cent. 
Therefore, this aspect is felt to be of no great importance in the present con- 
sideration. 

Another important factor to be considered is the mixing of venous blood 
and fully saturated pulmonar>^ venous blood in the right ventricle and aorta. 
If one assumes that the arteriovenous difference remains essentially constant, 
the arterial oxygen content could rise slowly, as a result of a gradual increase to 
a maximal level of the oxygen content of the mixed venous blood. To correlate 
this suggested hypothesis with the facts obtained by the oximeter, it, will be 
necessary to obtain more simultaneous data. 

The normal saturation time postoperativel}'^ must be related to the in- 
creased "effective pulmonar}'- blood flow,” which has been demonstrated by 
Bing, Vandam, and Gra 3 ^^'■ 

It is worthy of ‘note that the two patients presented in detail responded 
different!}'- to 100 per cent oxygen. Preoperatively, Patient 1 showed a rise of 
only 5 per cent in oxygen saturation, while Patient 2 rose 20 per cent. Post- 
operatively. Patient 1 rose 15 per cent, while Patient 2 rose only 10 per cent. 
However, both demonstrated the same changes in saturation time (which be- 
came normal after surgery) while being prolonged preoperatively. Oximeter 
studies on a greater number of patients will perhaps clarify this discrepancy or 
variability in range of maximal saturation attained when 100 per cent oxygen 
is administered. 


CONCLUSIONS 

The studies on arterial oxygen saturation reported at this time show two 
important facts. First, the rise in arterial oxygen saturation upon the estab- 
lishment of the systemic-pulmonary arterial shunt was practically immediate; 
and second, the saturation time upon administration of 100 per cent ox^'^gen was 
greatly shortened following surger>^ The first obsen^ation indicated that the 
shunt had a direct primary beneficial effect on arterial oxygen saturation. The 
second would seem to show that the net effect of the operation was to increase 
the fraction of the total cardiac output supplying the pulmonar}’ vascular bed. . 
The implication from these observations is that the shunt resulted in a sub- 
stantial improvement in the functional capacity of aeration of blood. 

SUMMARY 

1. The recording oximeter has been used to measure changes in arterial 
oxygen saturation n ten cases of tetralogy of Fallot. Detailed studies of two 
cases are presented. 

2. The observations hav'e shown immediaie increase in arterial o.xygen 
saturation and decrease in the saturation time after establishment of a systemic- 
pulmonary arterial shunt. 

3. The significance of alterations in the saturation time has been discussed 
and a possible explanation presented. 
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4. The recording, oximeter provides instantaneous information concerning 
arterial ox^^gen saturation during the course of surgical procedures involving the 
great vessels, and can provide the surgeon and anesthetist with valuable guides 
as to the condition of the patient during anesthesia. 

We are indebted to Dr. M. B, Visscher, Dr. Allan Hemingway, and Dr. Irvine McQuarrie 
for their helpful advice and cooperation. 
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WOLFF-PARKINSON-WHITE SYNDROME WITH MYOCARDIAL 
INFARCTION: AN EXPERIMENTAL STUDY 


Irexe G. Tamagka, M.D. * J. Scott Butterworth, :M.D., 

AXD Charles A. Poindexter, M.D. 

New York, N. Y. 

T he WollT-Parkinson-YTite syndrome, which shows an electrocardiographic 
pattern consisting of a short P-R interval associated witli a wide QRS com- 
plex and abnormal T waves, has been recognized commonly in the past fev.- years, 
and many case reports have appeared in the literature. More recently there 
have been several reports of the Wolff-Parkinson-WTite s>mdrome associated 
with myocardial infarction, which is the subject of this paper. 

METHODS 

The e.xperimental work was performed on cats according to a procedure 
previously outlined. In brief, this consists of picking up the auricular e.xcita- 
tion wave bj^ electrodes placed directly upon the right auricle in the open chest 
of a cat, amplifying these impulses, and passing them into a time-delay circuit. 
The output of the time-delay circuit is then used to stimulate the ventricles. 
In this manner an electrical short circuit between the auricle and ventricle is 
established by which any desired degree of premature stimulation of one ventricle 
can be accomplished; in other words, ventricular fusion beats are produced. 

The term ventricular fusion is used to indicate excitation of the ventricles 
by two or more stimuli originating in different parts of the heart at approximately 
the same time and each causing contraction in a limited area of cardiac muscle. 
In the present work part of the ventricles are stimulated by the normal conduc- 
tion system and part by the extra stimulus introduced prior to the time the ven- 
tricle is stimulated in the norma! manner. The degree of fusion is thus a function 
of the prematurity of the artificial stimulation. If the artificial stimulus falls 
too early, all the ventricular muscle will be stimulated from this source alone, 
and the resultant beat will be a simple premature ventricular contraction. With 
proper timing of the premature artificial stimulus any desired degree of fusion 
may be obtained. In the present work fusion was studied before and after 
ligation of a coronary artety. 

From the Division of CarUiologj", Department of ^ledicine. New York Post-Graduate ?>Iedicai 
School and Hospital. 

Received for publication July 7, 1947. 

♦Research Assistant in Medicine. 
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Fig. 1, — Cat No. 5, Fusion produced by variable pre-e-vcitation of the right ventricle in the un- 
damaged cat heart. On the right side are normal beats, wliilc those on the left are premature ventricular 
contractions. Varying fusion is produced by gradually changing the amount of delay of the circuit 
stimulating the right ventricle. From the left to right there is a gradual increase in the P-B interval, 
a gradual narrmvlng of the QRS complex, and a gradual change in the magnitude of the QBS complex 
and the T ■waves, which is the result of ventricular fusion. 



Fig. 2. — Cat No. 2. On the left are seen the standard leads before ligation of the anterior descend- 
ing coronary artery in a cat. On the right side are the same leads after ligation. The break in the 
black line at the top of each tracing indicates the time of excitation of the right ventricle. Normal 
beats are present in each lead (Complex 1 in Lead I, Complexes 1 and 2 in Lead II, and' Complex 4 in 
I^sad III). 
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E \ r ERI MliNTAL RliSULTS 

Fig. 1 shows fusion beats produced by variable pre-excitalion of the right 
ventricle in the undamaged cat heart. With variation in the P-R interval, 
changes in the duration and character of the QRS and T waves are produced. 
These changes are the result of varying degrees of ventticular fusion. 

Fig. 2 shows the standard leads before and after the ligation of the anterior 
descending coronarj' artery at a point midway between the apex and base of the 
heart. The ligation of this artery produced an anterior myocardial infarction 
involving the apex of the left ventricle which was grossly evident. Fusion was 
accomplished an hour after the ligation by premature stimulation of the right 
ventricle. Inspection of the record reveals that fusion produces rather marked 
changes in the configuration of the electrocardiogram, but the pattern of acute 
myocardial infarction with S-T segment changes is partially pre.served. 



Fig. 3. — Cat No. .5. Variablo fusion produced by prc-excitaiion of llie loft ventricle after ligation 
of the anterior coronary artery. The first l)cat in each lead is a normal complex and shows the acute 
changes of myocardial infarction. The following beats arc fusion beats with a gradual transition to 
the form of a pure ventricular cxtrasystole. Sec Fig. 1 for normal electrocardiogram of same animal. 


Fig. 3 shows fusion produced by pre-excitation of the left ventricle after 
ligation of the anterior coronary arteiw' in the same position. Here the pattern 
of the myocardial infarction is difficult to recognize in the fusion beats, in con- 
trast to the previous electrocardiogram where pre-e.xcitation of the right ven- 
tricle was produced. 




951 


TAMAGNA ET AL. WOLFF-PARKINSON-WHITE SYNDROME 

, DISCUSSION ' 

Inspection of the records reproduced in recent articles of Wolff- Parkinson- 
White syndrome with myocardial infarction indicates that in no case were there 
definite clear-cut changes indicative of a large full-thickness infarct with Q-wave 
and^S-T segment changes, , Some records showed inversion of the T Avaves for a 
period of da^’^s or weeks, combined Avith a clinical history suggestive of acute 
myocardial, infarction. It is knoAAm that changes in the character of the T-AA^aAm 
may occur in the .\¥olff-Parkinson-White S 3 mdrome Avhich are the result of vary- 
ing degrees of fusion. Such changes are illustrated in Fig. 4, taken from a 
human case. The changes in the QRS complex and T AA^aves are seen in 
all leads, but par ticu lari}'' in Lead III. Such changes in the T AA^ave, due to 
A'ariable fusion, are A'-ery difficult to differentiate from T-AA-^ave changes due to 
. underlying myocardial pathology. In addition, Wendkos and Nadler®. haA^e 
recently shoAAm that instability of the T AAmA'-es, as seen in cases of neurocircula- 
tory asthenia, can occur in patients shoAving a Wolff-Parkinson-White syndrome. 



Fig. 4. — A human case showing variable fusion. A few normal complexes can be seen in Leads I 
■ and II, but all comple.xes in Lead III show the AVolff-Parkinson-Wliito syndrome. A''ariations in the 
■ . character of the abnormal complexes are apparent. 


, Our experimental findings indicate that it should be possible to diagnose a 
large' infarct, particularly during the acute stage AA'hen changes in the S-T seg- 
ments are prominent. It seems to us, hoAA"eA''er, that changes in the T AA'aves 
alone AA'ould be very difficult to evaluate in the presence of a Wolff-Parkinson- 
White syndrome. This problem is similar to the difficulty encountered in the 
diagnosis of myocardial infarction in the presence of bundle branch block, 
expecially .in left bundle branch block AAdiere, at times, it is difficult or impossible 
to establish the diagnosis of myocardial infarction. 

The diagnosis of myocardial infarction in the presence of Wolff-Parkinson- 
White syndrome AA'ould be much more easily established if the syndrome pattern 
could be abolished. We suggest that in such cases an attempt should be made 
to convert the Wolff-Parkinson-White pattern to a normal mechanism. In our 
hands, the use of quinidine® has been satisfactory for this purpose; other meas- 
ures are, at times, successful. 
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SUMMARY 

An experimental study is reported which indicates that the diagnosis of 
acute myocardial infarction in the presence of WoKT-Parkinson-White syndrome 
can usually be established if the infarct is large and particularly if the right 
ventricle is prematurely stimulated. However, in small infarcts producing only 
T-wave changes, it is doubtful whether the electrocardiographic findings would 
be sufficient to establish a definite diagnosis of myocardial infarction. Jt is sug- 
gested that an attempt be made to convert the \VollT-Parkin.son-\Vhite patterns 
to a normal conduction mechanism when myocardial infarction is suspected. 

The authorp wish to acknowledge the able technical assistance of Mr. Clarence E. Petcrcon. 
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CARDIAC VIBRATIONAL INTENSITY AND CARDIAC OUTPUT 


John H. Foulger, M.D,, Paul E. Smith, Jr., M.A., and 
Allan J. Fleming, M.D. 

Wilmington, Del. 

R ecently we^ reported in this Journal a somewhat detailed study of the 
low-frequency vibrations which accompany each heart beat. It was shown 
that the major portion of the intensity of such vibrations is contributed by the 
fundamental (that is, the frequency of the individual beat) and its harmonics 
up to about the fifteenth. During each heart beat the relative intensities of 
individual harmonics change in a regular fashion. Harmonic analyses of cardiac 
vibrations were used to support the hypothesis that the “mean” harmonic of 
the intensity-frequency distribution, calculated over successive short intervals 
of the heart cycle, is related in a simple manner to the rate of change in length 
of ventricular muscle fibers and, therefore, to the rate of change of ventricular 
volume. By summing these “mean” harmonics, a curve was produced similar to 
the ventricular volume curve recorded directly by Wiggers.^ 

Our original study of cardiac vibrations required elaborate apparatus and 
tedious calculations. Further study has been simplified by construction of an 
apparatus which we term a “Heart Sound Meter” (H.S.M.), which converts, by 
electronic means, the complex vibrations picked up at the chest wall into a factor 
analogous to the “mean” frequency of the intensity-frequency distribution and 
finally integrates this factor. A record of the output of the heart sound meter, 
made on such a recording device as the General Electric Photo-Electric Recorder 
or photographed from the movements of a microammeter in the heart sound 
meter itself, traces during each heart beat a curve like that of ventricular volume. 
The coordinates of this curve are time, on the horizontal axis., and a function 
which we term “resultant frequency” on the vertical axis. (We use the term 
“resultant frequency” because our apparatus has converted the complex signal 
of cardiac vibrations picked up at the chest wall into a signal which could be 
produced at each instant in the heart cycle by presenting a single sine wave 
signal to the apparatus. The frequency of this simple signal would vary from 
instant to instant.) 

The similarity of the pattern of the heart sound meter output to the ven- 
tricular volume curve at once suggested the possibility of using the meter to 
determine cardiac output. This use is discussed in the present report. 


From the Haskell Laboratory of Industrial Toxicology, Wilmington, Del. 
Received for publication July 17, 1947. 
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The most convenient method for determining stroke volume to check heart 
sound meter records is the ballistocardiograph. In our present study, we used 
a high-frequency apparatus constructed after the design of Dr. H. A. Blair, 
of the Department of Physiology, University of Rochester, N. Y.* The oscilla- 
tions of the bed were converted into electrical energy by a crystal pick-up and 
recorded on the electrocardiograph channel of the Sanborn St etho-Cardiette. 
Stroke volumes were calculated by Starr's® formula, = 11 ^{I J) C® ® A, 
the amplitude of deflections, / and J, being converted to the sensitivity of 
Starr’s bed by use of the specific constant of our bed and a factor for the sensi- 
tivity of the Sanborn Stetho-Cardiette. 


COMPARATIVE STUDIES MADE tVITH THE HEART SOUND METER AND 

BALLISTOCARDIOGRAPH 

Records made with the ballistocardiograph were compared with heart 
sound meter records in two ways, which are illustrated by Figs. 1 and 2. 

(1) The electrocardiograph and heart sound meter were synchronized, 
and the heart sound meter output was recorded directly on a General Electric 
Photo-Electric Recorder. For comparison, a number of successive heart cycles 
(usually ten) were measured. The records on the Photo-Electric Recorder were 
adj'usted for the slight lack of linearity of the recorder and for the period of the 
recorder galvanometer. 

(2) The heart sound meter data were read -from two microammeters, one 
recording the smoothed “resultant frequency’’ of some three successive heart 
cycles and the other showing a function of the “range,’’ that is, the amplitude 
of each cycle. It was most convenient, in pract’ce, to set this second meter to 
read the square of the range again smoothed over some three successive beats. 
While these meters were being read, ballistocardiograph records were made on 
the Sanborn Stetho-Cardiette and ten successive heart cycles measured to gi\’e 
an average stroke volume. 

The general formula for calculation of stroke volume from the heart sound 
meter is 

5'p = 2 A /. / 

when A/ is the range and / the mean “resultant frequency.” This may also be 
written 

where /i is the maximum and/o the minimum “resultant frequency” in tlie sys- 
tolic phase of each heart cycle. This formula is derived from 

2A/./= 2(/i _/,) _/.,2 


♦*We wish to thank Dr. W, O. Fenn, Professor of Physiology, University, of Kochestcr, N. Y.. 
for diagrams of the Blair ballistocardiograph. 



C-a92 


I 

J 


F[ 9.8 



Fig.l. — Above; 
when 


Ballistocardiograph record 

Sv = IIK V a + J)C^/^A = 53 C.C. 


K = constant for bed and recorder sensitmty = 0.9SS 


A= 2.5 

0 3/2= 0.8S5 

(.1 + J) = 10.8 mm. 

Below: Heart sound meter record for same heart beat (made on General Electric Photo-Electric 
Recorder). 

Sv = iTi (/i2 - m = 5Z c.c. 


when 


Ki — constant for recorder galvanometer = 1.35 
fi= 9.8 c.p.s. 

/2= 7.6 C.P.S. 





956 


AMERICAN HEART JOURNAL 


Stroke Volume During Rest.-— The. use of the ballistocardiograph as our stand- 
ard was limited to resting conditions. Records taken immediately after e.vercise 
were apt to show. abnormal forms. Starr took such forms into consideration by 
varying his “constant" from 11 to 15, apparently leaving the choice largely to 



CAF)^ F 

S^(2y9)IQ8=65cC 


(AF;^ f 

S = (2/76) 13.3 =73cc 

Fig. 2. — Direct calculation of stroke volume from heart sound meter. Left meter records square 
of range = (A/)’; right meter records mean frequency = /• ■Sr= - A/./. Upper record taken immedi- 
ately before Master 2-Stop exorcise tost. Lo«-«r record taken Immediately after exercise test. 




the observer. For comparison of two methods of measuring cardiac output, 
based upon quite different principles, such a procedure appeared of doubtful 
value, since b^'^ simply var>dng a “constant” one might force the data to a spurious 
correlation. 

Resting stroke volumes measured by the two procedures are plotted in 
Fig. 3. The limits of variability of the ballistocardiograph record accepted by 
Starr in comparison with the ethyl-iodide technique, ± 14.3 per cent, are indi- 
cated. None of the heart sound meter measurements falls outside this range. 
The coefficient of correlation betAveen data given by the two methods is 0.95, 
with a standard error of less than ± 0.02. Recently, Nickerson, Warren, and 
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Brannon^ have recorded a range of ± 25 per cent in comparing stroke volumes 
determined by the Pick principle, after right atrial catheterization, with those 
calculated from the low-frequency ballistocardiograph. They ascribe most of 
the deviation to unavoidable errors in the Pick technique. Stroke volumes 
determined by our heart sound meter would appear to be reasonably comparable 
to those found by. other methods, at least under resting conditions. 


Sy 

KS.M 



Fig. 3.— Comparison of stroke volumes calculated from ballistocardiograph (B.C.G.) and heart sound 
meter (H.S.M.). Diagonal lines limit ballistocardiograph ± 14.3 per cent. 


Cardiac Output After Moderate Exercise . — ^To demonstrate the use of the 
heart sound meter in measuring cardiac output in conditions otlier than rest 
when the high-frequency ballistocardiograph might prove unsuitable, we made 
measurements before and after a .series of moderate exercises reported by Groll- 
man® in his classical monograph. Using the acetylene method with a quite 
elaborate analytical procedure, he was unable to make determinations of stroke 
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volume as frequently as they can be made with our meter. Table I gives com- 
parative data. Since Grollman does not state how soon after exercise he made his 
determinations, we have given heart sound meter measurements made immedi- 
ately (within about twenty seconds) and one or two minutes later. The direc- 
tion of trend of cardiac output is the same for our tests as for Grollman’s. 


Table I. Influence of Mild Exercise Upon Cardiac Output. Comparison of Heart 
Sound Meter Data With Data From Grollman^ 



GROLLMAN 

CARDIAC OUTPUT: L./.MIN. 
"heart SOUND .meter” 
TIME AFTER EXERCISE 

c. o. 

Resting 

4.1 

Resting 

3.7 

Flexing and extending right forearm, once per 

i 

1 

1 


second 

4.8 

Immediatelv 

4.7 



1 minute 

3.7 

Flexing right forearm rapidly 

6.0 

Immediately 

5.0 



2 minutes 

3.6 

Alternately flexing and extending both fore- 




arms, each and every other second 

4.3 

Immediately i 

5.1 



1 minute j 

3.6 

Flexing right thigh, once per second 

7.7 

Immediately i 

6.0 



1 minute 

3.8 

Alternately flexing both thighs, each every 




other second 

5.0 

Immediately 

6.3 



0.5 minute 

5.9 



1 minute 

3.4 


Table II. Influe.vce of Anoxia Upon Cardiac Output 


TIME 

(min.) 


0 

2 

4 

6 

7 

8.5 
9 

11 

12.5 
15 

13.5 
15 
17 

19 

21 

23 

24 

25 
27 



EXPERIMENT 1 


EXPERIMENT 2 






TIME 







OX- 



(MIN.) 


OX- 





IMETER 

PULSE 

c. o. 



IMETER 

PLT-SE 

c. o. 



% 

RATE 

l./min. 



% 

R.ATE 

l./min. 


Resting 

98 

60 

4.44 

0 

Resting 

98 

65 

5.10 


Resting 

98 

60 

4.52 

3 

Resting 

98 

64 

5.41 


Resting 

98 

60 

4.52 

6 

Resting 

99 

66 

4.88 


Resting 

98 

62 

4.56 

9 

Resting 

98 

64 

4.83 


Resting 
Nitrogen on 

98 

60 

4.50 

11 

13 

Nitrogen on 

98 

95 

64 

66 

4.74 

4.26 



99 

66 

5.39 

16 

Nitrogen 










increased 

90 

78 

4.18 



98 

60 

4.30 

18 

Nitrogen 










increased 

85 

80 

6.14 


Nitrogen 

increased 




21 

Nitrogen 

increased 

80* 

82* 

4.96 



95 

70 

5.38 

23 


78* 

82* 

6.10 


Nitrogen 

94 

68 

4.33 

24 


77* 

82* 

6.61 


increased 

91 

74 

5.48 

25 


73 * 

00 

6.21 


Nitrogen off 

89 

76 

6.26 

26 

Nitrogen off 





86 

74 

7.30 

27 

94 

66 

6.72 



93 

66 

5.23 

29 


96 

60 

4.49 



94 

62 

4.76 ■ 

30 


96 

60 

4.08 



95 

64 

4.66 

31 


96 

56 

4.01 



96 

62 

4.75 







♦Oximeter galvanometer and pulse rate fluctuating widely with reqjiratory cycle. 
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Ccirdiuc Oiiipui -in Anoxia. The influence of anoxia was studied by allowing 
our subjects, after a control period, to breathe air into which nitrogen was fed 
in increasing concentration. Instead of measuring the absolute composition of 
the air-nitrogen mixture inhaled, we used the Oximeter to indicate the degree 
of oxygenation of the blood. Table II gives data for two such tests. Fig. 4 is 

NITROGEN 

OX C 



Fip. 4. — Influcncnof anoxia on cardiac output. Vortical coordinates; C= cardiac output, L./Min.; 
Ox = per cent oxygenation of blood; and P — pulse ralo: boats per minute. 

-f , ++, -f-f-f indicate increase in nitrogen content of inhaied nitrogen-air mixture. 

A-IJ. Oximeter and pulse rate fluctuating widely with respiratorj- cycle. 


a plot of the more drastic test (No. 2) in which o.xygenation of the blood was 
reduced almost to 70 per cent. In this experiment, the heart sound meter data 
were read from the two microammeters already described. It is interesting that, 
greater difficulty was found in counting pulse rate over thirty-second intervals 
than in reading the heart sound meter. In Experiment 2, between twenty and 
twenty-five minutes, the patient was breathing irregularly, the Oximeter gal- 
vanometer was making wide swings with inhalation and exhalation, and the pulse 
rate was so irregular that the rates recorded are probably lower than the pulse 
rates actually attained by the subject. 
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GroIIman reports that in anoxia pulse rate rises before cardiac output and 
that output should increase, when oxygenation of the blood falls to about 83 
per cent. Our heart sound meter measurements show pulse rate to rise first, 
and cardiac output to rise definitely when the blood is about 85 per cent oxy- 
genated. 

Reduction of Cardiac Otitput by Exhaling Against Pressure. — A fall in cardiac 
output was produced by breathing for seven minutes against an exhalation 
pressure of 25 cm. of water. Table III shows the trend of cardiac output after 
the test. 

The various procedures used to study measurement of cardiac output by 
the heart sound meter show that (1) under resting conditions it gives data com- 
parable to that of the high-frequency ballistocardiograph, and (2) under condi- 
tions known to change cardiac output, but in which the ballistocardiograph may 
be unsuitable,, the heart sound meter measurements conform in trend to those 
reported by observ'^ers using other methods. 

The ease with which a single observer can make frequent measurements, 
merely reading the two microammeters of the heart sound meter and having 
few calculations to make, contrasts with the technical difficulties or tedious 
measurements of other methods and suggests that this new procedure may make 
possible many studies of cardiac output hitherto found impracticable. 


Table III. Influence of E.xhaling Against Pressure 



PULSE 

rate 

STROKE 

VOLUME 

c.c. 

CARDIAC 

OUTPUT 

L./.MIN. 

Control 1 



- 

Resting 10 min. 

72 

63 

4.54 

Control 2 




Resting 11 min. 

71 

63 

4.47 

Exhaling for 7 minutes against 25 cm. water 




20 seconds after test ended 

79 

37 

2.92 

90 seconds after test ended 

84 

56 

4.54 


SUMM.ARY 

1. An electronic heart sound meter has been devised to convert the com- 
plex pattern of low-frequencj'^ cardiac vibrations picked up at the chest wall 
into a simple “resultant frequency.” 

2. The “resultant frequency” varies during each heart cycle in a manner 
similar to the ventricular volume curv'^e. 

3. Simultaneous records of the high-frequency ballistocardiograph and 
the heart sound meter made on rested, supine subjects show a close correlation 
between the cardiac output as calculated by Starr’s formula. 


1W{I 

and an “output” calculated from\he formula, 

-/o2 
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in Avhich fi is the maximum “resultant frequency” occurring at commencement 
of systole, and /« is the minimum “resultant frequency” at the end of systole. 

4. Records of the ballistocardiograph and the heart sound meter taken 
immediately after exercise do not give comparable calculations of cardiac output. 
However, heart sound meter data after moderate exercise, after anoxia produced 
b)’- breathing nitrogen, and after the Flack Test show qualitative and quantita- 
tive trends comparable to data obtained b}’’ other procedures. 


REFERENCES 


1, Foulger, J. H., Smith, P. E., Jr., and Fleming, A. J.: Changes in Cardiac Vibrational 

" Intensity in Response to Physiologic Stress, Am. Heart J. 34: 507, 1947. 

2. Wiggers, C. J., and Katz, L. N.: The Contour of the Ventricular Volume Curves Under 

Different Conditions, Am. J. Physiol. .58:439, 1922. 

3 ! Starr, I., Rawson. A. J., Schrocder, H. A., and Joseph, N. R.: Studies on the Estimation 
of Cardiac Output in Man, Am. J. Physiol. 127:1, 1939. 

4. Nickerson, J. L., Warren, J. V., and Brannon, E. S.: The Cardiac Output in Man, J. Clin. 

Investigation, 26:1, 1947. 

5, Grollman, A.: The Cardiac Output of Man in Health and Disease, Pp. 325. Charles C 

Thomas (Baltimore) 1932. 



RESPIRATORY MOVEMENT AS A FACTOR IN THE PRODUCTION 
OF Q WAVES IN LEAD I AND IN UNIPOLAR LEADS 
FROM THE LEIM' PRECORD I UM IN HUMAN 
LEFT BUNDLE BRANCH BLOCK 

Albert W. Lapin, M.D.,* Montreal, Quebec, And 
Howard B. Sprague, M.D., Boston, Mass. 


I N A recent article, Sodeman, Johnston, and Wilson' have emphasized the 
fact that a Q deflection seldom occurs in Lead I in human left bundle branch 
block. Goldberger- has also commented on this finding. In experimental canine 
left bundle branch block, on the other hand, a Q deflection frequently occurs in 
Lead 1. This discrepancy^ could arise in one of two ways: (1) because of a dif- 
ference in the order of excitation of the different parts of the ventricular muscle 
in human and in canine left bundle branch block, or (2) because of a difference 
in the disposition of the heart’s surfaces with respect to the thoracic cage and the 
attachments of the limbs. 

Precordial leads in both species, when left bundle branch block is present 
display such striking similarity in the configuration of the QRS complexes as 
to make it appear unlikely that there is any important difference in the order 
of ventricular excitation. This leaves the alternative suggestion of a difference 
in the position of the heart as the more probable explanation of the observed 
discrepancy. Some positive evidence may also be adduced in support of this 
explanation. For example, Foster,'' in experiments referred to by Sodeman and 
co-workers, showed that in dogs in which the left branch of the bundle of His 
had been severed, a Q wave in Lead I could readily be produced by elevation of 
the apex, by displacement of the apex to the right, and by' rotation of the heart 
in either direction on its longitudinal axis. Wlien the same experiments were 
repeated on monkeys with left bundle branch block, the only maneuver by'^ 
which a Qi could be produced was elevation of the apex to 45°, which resulted 
in a completely negative QS deflection in Lead 1. From this and other evidence 
Sodeman and co-workers concluded that changes in position might readily' lead 
to the production of a Qi in a vertically' placed heart like the dog’s, but were 
much less likely' to do so in a more transversely' lying heart like the monkey^’s 
or man’s. 

In further support of this contention, they' looked for, but did not find, any 
peculiarities in the position of the heart in thirteen cases of human left bundle 
branch b lock showing a Qi. In addition to their own thirteen cases, these au- 
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thors collected twenty-four others reported in the literature, making thirty -seven 
in all. Eight of these had come to autopsy. Six of the eight had had myo- 
cardial infarction,- and in five of these six cases, gross lesions of the interventricu- 
lar septum were present. Their final conclusion was that a Q wave in Lead I in 
human left bundle branch block, while not diagnostic, should arouse suspicion 
that a lesion of the ordinary muscle of the interventricular septum might be 
present, and they recommend that a full set of precordial leads be taken in such 
cases “not only for the purpose of ascertaining whether left bundle branch block 
is really present, but also to find out whether a Q deflection is present in leads 
from, the left side of the precordium and left axilla.” 

With the septum intact, one would not expect Q deflections to occur in 
direct unipolar leads from the left ventricular surface in left bundle branch 
block. When this conduction defect is present the septum is activated entirely 
from right, to left, and the left ventricular cavity is positive in the earliest stage 
of electrical activity. At this time the muscle of the free wall of the left ventricle 
has not yet been activated, and it transmits passively the positive cavity po- 
tentials to an overlying electrode. The first deflection recorded by the galvano- 
meter must, therefore, be a positive one. Any extensive lesion of the septum, 
however, may -modify these relationships. To quote Sodeman and his co- 
workers, “If the septum is e.xtensively damaged, the electrical forces produced 
by its activities are reduced or abolished, and the initial negativity of the right 
ventricular cavity is transmitted to the left [cavity], and hence to those regions 
of the left side of the body that arc initially positive in left bundle branch block 
when the septal muscle is healthy. When this happens, Q deflections occur in 
leads from the left side of the precordium. The}'^ may be expected in Lead I 
also . . . 

- REPORT OF A CASE 

The following case is reported to show that under certain conditions a Q 
deflection may be caused to appear and disappear at will in human left bundle 
branch block, not only in Lead I but also in leads from the left precordium and 
the left axilla, merely by changes in the position of the heart induced by res- 
piration . 

Tiie patient, J. C., was a man 66 3 ^ears of age, who had been known to have essential hyper- 
tension for at least fifteen 3 'ears. There had never been any chest pain, paroxysmal dj'spnea, 
■'congestive failure, or other episode suggestive of mj'ocardial infarction. The blood pressure 
in 1946 was 220/120. X-ray of the chest showed a cardiothoracic ratio of 13.5 to 28.5 and a 
fairly normal cardiac silhouette. A routine electrocardiogram showed left bundle branch block, 
and it was observed that not only did the amplitude of the deflections and the electrical axis in 
the standard limb leads undergo rhythmic variation with the respiratory cj’-cle, but that, in ad- 
dition, a Q wave appeared in Lead I in inspiration and disappeared in expiration. 

To investigate the origin of these Q waves, a full set of unipolar precordial and extremity 
leads was taken in all phases of respiration. These curves are reproduced in Figs, 1 and 2. Dur- 
ing expiration and midrespiration, all leads are entirely characteristic of classical left bundle 
branch block. The duration of the QRS is 0.14 second; Leads I, V^, Vb, and Vc all show a mono- 
phasic, double-peaked positive deflection with no Q waves. During inspiration, a pronounced 
and progressive change occurs, marked by a reduction in the amplitude of the bifid R waves and 
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■Note (lovolopmont of Q waves in Leads I and Vi, with inspiration. 






Pig, 2. — Note dovolopmont of QS waves in Lead Vs and of Q wave in Vc with inspiration. 
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the development of a definite Q wave in Leads I, V^, and Ve. In Lead V t a more extreme change 
occurs whereby the main QRS deflection, previously positive, becomes a completely negative 
QS deflection in deep inspiration. Leads V„, Vi, V;, and Vj display little change; they consist 
of a deep QS deflection throughout the respiratory cycle. Lead shows a small R wave in ex- 
piration. With inspiration this becomes progressively smaller and ultimately disappears so that 
only a QS deflection remains. In Lead V,- the R wave becomes taller with inspiration and, as 
might be expected, a similar change occurs in Leads II and III. 


DISCUSSION 

The striking changes in QRS configuration shown in Figs, 1 and 2 may be 
considered under three headings: (a) Change in electrical axis; (h) develop- 
ment of Q waves over the left precordium; and (c) development of Q waves in 
Lead Vl and Lead I. 

Change in Electrical Axis . — It is well known that the main electrical axis can 
be profoundly altered by changes in the position of the heart both when conduc- 
tion is normal and when bundle branch block is present, and that such changes 
in position can be brought about by respiratory movements. The effect of deep 
inspiration is to cause the heart to assume a more vertical position and also to 
rotate clockwise on its longitudinal axis so as to bring the right ventricle in front 
of and above the left. This rotation produces modifications in the transmission 
to the limb attachments of the potential variations derived from the ventricular 
surfaces, so that the left ventricular potentials tend to be transmitted chiefly 
to the diaphragm and left leg, while the right ventricular potentials are trans- 
mitted to the left axilla. The effect on the electrical axis is a tendency to shift 
the axis toward the right. Expiration produces the opposite result; the heart 
assumes a more transverse position and, in addition, undergoes counterclockwise 
rotation on its longitudinal axis which tends to bring the left ventricle in front 
of and above the right, with transmission of left ventricular potentials to the 
left shoulder and right ventricular potentials to the diaphragm and leg. The 
electrical axis tends to shift to the left. Curves showing right axis deviation 
in human left bundle branch block associated with a vertical position of the 
heart have been published by Wilson and associates®'*' and by Goldberger.-’’^ All 
these curves show a deep S wave in Lead I, but this is preceded in each case b}-^ 
a small R wave, so that no Q wave is present. 

Q Deflectio7is in Leads From the Left Precorditam . — We ha^'e already re- 
viewed the theoretical considerations that lead one to expect that in direct leads 
from the surface' of the left ventricle in left bundle branch block the initial de- 
flection will be positive. Precordial leads resemble the corresponding direct 
leads very closely as a general rule, but there are certain essential differences 
which should not be overlooked. A direct unipolar lead is taken from an elec- 
trode in actual contact with the epicardial surface; this electrode is influenced 
almost entirely by the potential Amriations of the muscle immediately under- 
neath it, and only to a negligible e.xtent by the potential variations of neighbor- 
ing muscle. In such leads from the left x'^entricle in experimental uncomplicated 
left bundle branch block no Q wave has ever been recorded to our knowledge. 
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In precordial leads, on the other hand, the electrode is not in contact with 
the ventricular surface, but is separated from it by a considerable layer of tissue 
that varies with the thickness of the chest wall. Accordingly, these leads do not 
necessarily record in pure form the potential variations of a limited epicardial area. 
Wilson and co-workers® have expressed this relationship as follows; “The poten- 
tial variations of every element of the epicardial surface contribute in some meas- 
ure to the potential variations of an electrode placed upon the precordium. But, 
the magnitude of the contribution made by the potential variations of any given 
surface element is large if its distance from the electrode is small, and vice versa; 
it varies roughly as the inverse cube of this distance. For this reason, the po- 
tential variations of a precordial electrode are determined to a very large extent 
by the potential variations of the elements of ventricular surface nearest it. If 
all or the great majority of these elements simultaneously display potential 
variations of the same sort, the potential variations of the electrode are of the 
same character, through much smaller. If, on the other hand, the various ele- 
ments that are more or less equidistant from the electrode display potential 
variations of different kinds, the potential variations of the electrode represent 
a mixture which may not resemble any of its components very closely.” 

The conditions last described may be produced when an electrode is placed 
on the precordium over the traiisitional zone between right and left ventricles. 
Such an electrode registers a mixture of potentials in which either right or left 
ventricular influence may predominate as the electrode is moved even slightly 
toward one side or the other; the same effect is produced if the electrode remains 
stationary while the heart undergoes rotation, so that the septum moves to right 
or left of the electrode. In left bundle branch block the complexes derived from 
right and left ventricles are so distinctive in configuration that even when parti- 
ally fused, the components contributed by each ventricle remain clearly recog- 
nizable. 

Fusion of this sort can be seen to occur in Lead V 5 (Fig. 2). During expira- 
tion it records in pure form the broad, double-peaked monophasic complex 
characteristic of leads from the left ventricle in left bundle branch block; there 
is no Q wave. With the beginning of inspiration the heart is rotated in clock- 
wise fashion on its longitudinal axis, so that the front of the interventricular 
septum swings to the left. This brings the transition zone closer to the V 5 
electrode, and the left ventricular pattern begins to be modified by potentials 
derived from the right ventricle. The first noticeable effect is the appearance 
of a tiny notch on' the upstroke of the initial R wave. This notch probably repre- 
sents the small R wave which is present in Lead V 4 in expiration but which dis- 
appears in inspiration. As the transition zone swings farther leftward, the 
potentials derived from the right ventricle begin to dominate those derived from 
the left: the double positive peaks of the original V 5 complex become lo^ver and 
lower until finally they appear as mere notches on the descending and ascending 
limbs of a deep QS deflection representing negative potentials derived from the 
right ventricle. 
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Fig. 3 represents a simultaneous recording of Leads V4 and Vr, at triple 
camera speed (in expiration, A; early inspiration, B\ and slightly deeper in- 
spiration, C) to demonstrate more clearly the time relationships of the various 
deflections in the two leads. It will be seen that a Q wave in Lead does not 
appear in Fig. 3, A or B, but only in C after the R wave in Lead V4 ha.s di.s- 
appeared. Unfortunately, no simultaneous record was obtained in really deep 
inspiration, but the manner of development of the deep negative deflection in 
Lead Vr, seen toward the right of Mg. 2 is already clearly indicated. 




Fig. 3. — Simultaneous rccortllng of Leads V 4 and V{ (triple camera speed). A, expiration; 1} 
beginning inspiration: C, somewhat deeper Inspiration. Koto disappearance of R in V< and coincident 
appearance of Q in Vs in C. 

The changes described in Lead V 5 may be seen in modified form in Lend 
Since this electrode is farther from the transition zone than in Lead X's, the in- 
fluence of the right ventricle is less pronounced; but in deep inspiration it is 
sufficient to produce a marked reduction in the amplitude of the R waves and the 
appearance of a definite Q wave, the origin of which is undoubtedly the same 
as that of the deeper QS deflection in Lead Vs. 

In order for a Q wave to occur in leads from tlie left prccordium in left 
bundle branch block as a result of fusion elTecls such ns we have postulated, 
certain special conditions must be met. Of these, the most important is that 
there must be no R waves in leads from the riglu prccordium. In the present 
case it is true that Lead V4 did show a tinj' R wave, but with inspiration and 
shift of the septum leftward it rapidly disappeared. It is noteworthy in this 
connection that left bundle branch block occurs most frequently in hypertensive 
and arteriosclerotic hearts in which the left ventricle is hypertrophied, a con- 
dition which, by itself, may cause suppression of R waves over the right pre- 
cordium. 
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Q Deflections in Lead I and Lead V-h . — Lead I is a record of the difference 
in potential from moment to moment at the attachments of the arms: Lead 
I = Lead Vl — Lead Vn,. It will be seen in Fig. 1 that Vr showed little or no 
variation with respiration, maintaining a QS configuration throughout, and, 
accordingb^ any changes occurring in Lead I must be attributed chiefly to po- 
tential variations at the left shoulder. Both Lead I and Lead Vl developed a 
conspicuous Q wave in inspiration. It is entirely likely that the origin of this 
deflection is the same as that of the Q waves in Leads V5 and Ve, that is, from 
potentials transmitted from the right ventricle as the heart rotates with in- 
spiration. 

There is, however, another possible explanation for the presence of these 
Q waves. During inspiration the heart assumes a more vertical position in the 
thorax and becomes more symmetrically disposed with respect to the two 
shoulders, so that the left shoulder as well as the right may come to face part of 
the auricles, great vessels, and valvular orifices at the base of the heart. Its 
potentials will then represent a mixture of those from the ventricular cavities 
and those from the lateral aspect of the ventricles. During forced inspiration 
there may be sufficient clockwise rotation on the heart’s lo'ng axis to bring the 
right side of the interventricular septum opposite the left shoulder, in which 
case activation of the septum from right to left would give rise to initial negativity 
at the left shoulder. During expiration, the heart resumes its more transverse 
position and the left shoulder no longer faces into the cavities. Its potentials are 
now derived chiefly from the lateral aspect of the ventricular surface and are 
represented by the familiar broad, bifid, positive complexes. 

It is probable that the explanation for the common occurrence of a Qi 
in canine left bundle branch lies along these lines. In the dog the heart occupies a 
very vertical position. Curves published by Wilson and co-workers^ show that 
when conduction is normal the ventricular complexes in Leads Vr and Vl are 
very similar, both consisting chiefly of a deep negative deflection, which indicates 
that both forelimb attachments face the ventricular orifices. In curves from ca- 
nine left bundle branch block shown in the same article there is a definite Q wave 
in Lead I, although none appears in leads from the left precordium. These 
curves show well-marked R waves in leads from the Ci, C2, C3, and C4 positions, 
so that even at the transition zone there can be no opportunity for the develop- 
ment of Q waves by fusion of complexes derived from right and left ventricles in 
the manner suggested. 


SUMMARY 

1. Electrocardiograms are presented which show transient Q waves in Leads 
ij Vl, Vs, and Ve in association with left bundle branch block. These Q waves 
appear and disappear during the respiratory cycle. There is nothing in the pa- 
tient’s history or examination to suggest that he had ever had a myocardial in- 
farct. 

2. It is suggested that the Q waves over the left precordium may be pro- 
duced by fusion of right and left ventricular complexes as the interventricular 
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septum swings toward the left during inspiration, and that the Q waves in Leads 
I and Vi, probably arise on the same basis. Special conditions that must be present 
for this to occur are indicated. 

3. An alternative e.xplanation is offered with respect to the origin of Q 
waves in Lead Vl and Lead I, based on the assumption of an unusually vertical 
position of the heart during inspiration. It is suggested that the more vertical 
position of the dog’s heart is responsible for the frequent occurrence of Qi in 
canine left bundle branch block. 

The authors wish to acknowledge the kindness of Dr. Frank N. Wilson in revdewing the 
manuscript of this paper. 
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ELECTROKYMOGRAPHIC STUDIES OF ASYNCHRONISM OF 
EJECTION FROM THE VENTRICLES 

Normal Subjects and Patients With Bundle Branch Block 

George F. Ellinger, M.D. * F. G. Gillick, Bert R. 

Boone, M.D.,t and W. Edward Chamberlain, M.D.§ 
Philadelphia, Pa, 

T he development of the electrokymograph^'^ provides a new method for study- 
ing the motions of the borders of the heart and great vessels in man. With 
this instrument, records can be obtained of the movements of these borders which 
accompany ejection of blood from the ventricles. The time relationships of the 
events recorded from the pulmonary artery and the right ventricle can be com- 
pared with those from the ascending aorta and left ventricle. Thus, synchronism 
or asynchronism of the ejection phases of the two sides of the heart can be de- 
termined. 

Earlier studies, utilizing the myocardiograpM’" or solenoid recorder,*’ in- 
dicated that contraction of the ventricles could be asynchronous in normal ani- 
'mals. Asynchronism was also demonstrated after cutting a branch of the bundle 
of His. Katz,’' in 1925, recorded intraventricular and intra-arterial pressures in 
normal dogs and conclusively showed that ejection of blood from the ventricles 
was not simultaneous in most instances. 

The principal methods of studying this problem which have been applied 
to'man include the anal 3 ''sis of (1) the carotid sphj^gmogram with simultaneously 
recorded standard lead electrocardiogram, (2) the roentgenkymogram of the 
pulmoharj'^ artery and ascending aorta, (3) the roentgenkymogram with electro- 
cardiogram, (4) the stethogram, carotid sphygmogram, and electrocardiogram, 
and (5) tlie right and left “part-electrocardiogram” and stethogram.®-’^ Despite 
questions raised as to the reliability of some of these methods for accurately tim- 
ing cardiovascular phenomena, results generally indicated that asynchronism 
of ejection occurred, commonly in normal subjects and usually in patients with 
electrocardiographic evidence of bundle branch block. 

This paper is a report on the application of the electrokymograph to the 
study of ventricular asynchronism. 

From the Cardiac Demonstration Section, United States Puldic Healtli Service and Temple Uni- 
versity Medical School, Philadelphia, Pa. 
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METHOD 

The motion of the border of the pulmonary artery segment of the cardio- 
vascular silhouette and that of the ascending aorta close to its point of origin were 
recorded consecutively. These electrokymograms'(E,K.Y.) closely resemble the 
carotid sphygmogram which was recorded simultaneously with each. The 
time interval from the onset of ejection on the pulmonary artery electrokymogram 
to the onset of ejection on the carotid sphygmogram was measured and was 
designated PAc. In the same way, the time interval from the onset of ejection 


SCHEMATIC 

FOR DETERMINING DEGREE OF ASYNCHRONISM 



PA -PULMONARY ARTERY EKY 
C - CAROTID SPHYGMOGRAM 
AA- ASCENDING AORTA EKY 


Fig. 1. — Diagrammatic sketch iilustrating principles of method. Vertical time lines 1,2,3 mark 
onset of ejection wave on pulmonary artery {PA), ascending aorta (AA), and carotid artery (C), re- 
spectively. 

1 to 3 = PAc 

2 to 3 = AAc 

/ to 2 = PAc to AAc difference, a measure of relative time of ejection into these two vessels. 

In practice, the records of pulmonary and ascending aorta motion are separately recorded (Fig. 2) 
in each case simultaneously with the carotid sphygmogram. 
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Fig. 2. Normal electrokymograms representing motion of borders of pulmonary artery (A) and 
ascending aorta (B). Lower tracing in each case is carotid sphygmogram. Time and amplitude mark- 
ings same as in electrocardiogram. PAc = 0.02 second and AAc = 0.02 second, indicating simultaneous 
ejection of blood from ventricles. 
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on the ascending aorta electrokymogram to the onset of ejection on the carotid 
sphygmogram was measured and Avas designated AAc. The carotid sphygmo- 
gram thus served as a common point of reference for determining the time interval 
between the onset of ejection on the pulmonary artery and the ascending aorta 
electrokymograms (Figs. 1 and 2). For example, in Fig. 2 the time difference 
between ejection on the pulmonary artery and the carotid artery curves was 0.02 
second, and the ascending aorta to carotid time difference was 0.02 second. 
When, as in this case, PAc and AAc are equal, the interpretation was that these 
vessels received blood simultaneously and both ventricles ejected blood simul- 
taneously (Table I, Subjects 22 through 35). When the pulmonary artery to 


Table I. Data on Normal Ventricular Asynchronism (Sixty-Eight Adults, 17 to 32 
Years of Age, Without Cardiovascular Disease) 


PATIENT 

NO. 

PAc 

AAc 

PAc TO AAc 

DIFFER- 

ENCE* 

LEADING 

VEN- 

TRICLE 

PATIENT 

NO. 

PAc 

AAc 

PAc TO AAc 

DIFFER- 

ENCE* 

LEADING 

VEN- 

TRICLE 

1 

.03 

.00 

.03 

Right 

35 

.01 

.01 

.00 

Even 

2 

.03 

.00 

.03 

Right 

36 

.00 

.01 

-.01 

Left 

3 

.03 

.01 

.02 

Right 

37 

.02 

.03 

-.01 

Left 

4 

.03 

.01 

.02 

Right 

38 

.01 

.02 

-.01 

Left 

5 . 

.03 

.01 

.02 

Right 

39 

.01 

.02 

-.01 

Left 

6 

.03 

.01 

.02 

Right 

40 

.01 

.02 

-.01 

Left 

7 

.03 

.01 

.02 

Right 

41 

.00 

.01 

-.01 

Left 

8 

.03 

.01 

.02 

Right 

42 

.00 

.01 

-.01 

Left 

9 

.01 

.00 

.01 

Right 

43 

.01 

.02 

-.01 

Left 

10 

.02 

.01 

.01 

Right 

44 

.00 

.01 

-.01 

Left 

11 

.01 

.00 

.01 

Right 

45 

.02 

.03 

-.01 

Left 

12 

.01 

.00 

.01 

Right 

46 

-.01 

.00 

-.01 

Left 

13 

.03 

.02 

.01 

Right 

47 

.00 

.01 

-.01 

Left 

14 

.01 

.00 

.01 

Right 

48 

.01 

.02 

-.01 

Left 

15 

.03 

.02 

.01 

Right 

49 

.00 

.01 

-.01 

Left 

16 

.02 

.01 

.01 

Right 

50 

.02 

.03 

-.01 

Left 

17 

.02 

.01 

.01 

Right 

51 

.00 

.01 

-.01 

Left 

18 

.02 

.01 

.01 

Right 

52 

.01 

.02 

-.01 

Left 

. 19 

.02 

.01 

.01 

Right 

53 

.01 

.02 

-.01 

Left 

20 

.02 

.01 

.01 

Right 

54 

.01 

.02 

-.01 

Left 

21 

.03 

.02 

.01 

Right 

55 

-.01 

.01 

-.02 

Left 

. 22 

.01 

.01 

.00 

Even 

56 

.01 

.03 

-.02 

Left 

■ 23 

.01 

.01 

.00 

Even 

57 

-.01 

.01 

-.02 

Left 

24 

.02 

.02 

.00 

Even 

58 

-.01 

.01 

-.02 

Left 

25 

.01 

..01 

.00 

Even 

59 

-.01 

.01 

-.02 

Left 

26 

.01 

.01 

.00 

Even 

60 

-.01 

.01 

-.02 

Left 

27 

.03 

.03 

.00 

Even 

61 

-.01 

.01 

-.02 

Left 

28 

.02 

.02 

.00 

Even 

62 

-.01 

.01 

-.02 

Left 

29 

.01 

.01 

.00 

Even 

63 

-.01 

.01 

-.02 

Left 

30 ■ 

.00 

.00 

.00 

Even 

64 

.00 

.02 

-.02 

Left 

31 

.03 

.03 

.00 

Even— 

65 

-.01 

.01 

-.02 

Left 

32 

.00 

.00 

.00 

Even 

66 

-.01 

.02 

-.03 

Left 

33 

.02 

.02 

„ .00 

Even 

67 

-.01 

.02 

-.03 

Left 

34 

.02 

.02 

.00 

Even 

68 

-.01 

.02 

-.03 

Left 


PAc= Interval from ejection on pulmonary artery E.K.Y. to ejection on carotid sphygmogram. 
Plus value means pulmonary artery ejection precedes carotid ejection. Minus ( — ) value means pul- 
monary artery ejection follows carotid ejection. ’ 

. AAC= Interval from ejection on ascending aorta E.K.Y. to ejection on carotid sphygmogram. 
All times in seconds. 

♦Plus value means pulmonary artery ejection precedes ascending aorta ejection. Minus (— ) 
value means pulmonary artery ejection follows ascending aorta ejection. 
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carotid time (PAc) was longer than the ascending aorta to carotid time (AAc) 
the interpretation was that the right ventricle ejected its l>]ood first (Subjects 1 
through 21). When AAc was longer than PAc the interpretation was that the 
left ventricle ejected its blood first (Subjects 36 through 68). 

Wolferth and Margolies** and Hirsch and Gubner'' used the rocnlgenkyrno- 
grams of aortic and puhnonaiy arterial waves for studying nsjoichronism in the 
ejection phases of the two ventricles. 'J'he method proposed herein differs only 
in the manner in which the records are obtained and timing is detemiined. 

The electrolymogram is an electrical and instantaneous recording, while the 
carotid sphygmogram is recorded by an air conduction .system. We have 
measured the lag in this latter .system and it is consistently 0.01 second for the 
six feet of tubing we utilize. 'Phis correction factor was applied to all the time 
measurements. 

The use of the carotid sphygmogram as a common time-reference curve is 
considered valid as long as no significant cardiodynamic changes occur between 
the time the ascending aorta and pulmonarj' arteiy records are obtained. The 
great vessel records were taken within two or three minutes of one another with 
the patient standing in a relaxed position. Preliminary' obserx’ations indicated 
that the time relationships between the onset of ejection on the pulmonary 
artery, ascending aorta, and carotid curx'cs do not vary significantly under these 
conditions. Measurements were the same whether right or left carotid sphygmo- 
grams were used. 

The records are obtained at comparable points on the ascending aorta and 
pulmonary artery^ close to the respective semilunar valves. Some variations 
will occur in selecting the points of recording. The errors introduced by this and 
by differences in pulse wave transmission times in the two vessels are less than 
the 0.01 second error inherent in the method and, therefore, insignificant. 

The sixty'-eight normal subjects were medical students and nurses, 17 to 
32 y'^ears of age, with no evidence of cardiovascular disease. The sixteen subjects 
with intraventricular block had standard and precordial electrocardiograms 
taken. In all cases, two qualified examiners agreed as to the electrocardiographic 
diagnosis. 

RESULTS 

In Normal Subjects . — Table I shows the results of measurements of asyn- 
chronism in the normal adults studied. Asynchronism of ejection occurred in 
fifty'-four of sixty-eight subjects. Left ventricular ejection led ly 0.01 to 0.03 
second in thirty-three cases; right ventricular ejection led by 0.01 to 0.03 second 
in twenty^-one cases; and ejection appeared synchronous in fourteen cases. 
These results are strikingly' similar to those obtained by 'Katz" in his work with 
dogs, both as to the degree of asymehronism and as to the order of ventricular 
ejection. 

These measurements were obtained on young adults. In older subjects, 
more rapid transmission of the pulse wave might be expected, possibly altering 
measurements and relationships. However, in a small group of older adults no 
significant variations were noted in the PAc and AAc measurements. 
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It is of interest to note in Table I that the PAc interval normally varies 
within a narrow range (+0.03 to —0.01 second). Ejection on the pulmonary 
artery may follow that on the carotid artery (PAc = —0.01 second) when the 
left ventricle ejects its blood sufficiently in advance of the right ventricle.^'* 
It should be noted also that the PAc interval alone does not measure the exact 
degree of ventricular asynchronism or indicate which ventricle ejects its blood 
first. To determine this from the PAc measurement, it would be necessary to 
take into account (1) the difference in speed of pulse wave transmission, and (2) 
the difference in distance from the ventricles to the points of recording on the 
pulmonary and carotid arteries. 

.Measurements of ascending aorta to carotid transmission time varied 
from 0.00 to 0.03 .second. A transmission time of 0.01 to 0.02 second closely 
agrees with previous estimates, but times of 0.03 and particularly of 0.00 would 
seem erroneous. There are two possible explanations for this: (1) The measure- 
ments are probably accurate only to within 0.01 second, and (2) it is known 
that positional changes can occur on the ascending aorta during isometric con- 
traction of the ventricles. If this positional change results in lateral motion of 
the vessel border, it will occur just prior to and may merge with the lateral 
movement as a result of ejection of blood. What appeared to be the onset of 
the ejection wave might actually be the onset of the positional change and 
thus give an apparently prolonged A Ac time. If, on the other hand, the posi- 
tional change results in medial motion of the vessel border, it may offset the be- 
ginning of lateral motion resulting from ejection and delay the upstroke of the 
ejection wave. In most cases, it is possible to distinguish these positional changes 
when they occur. More detailed study of the pulse wave transmission times as 
measured , by the electrokyrnograph will be the subject of a separate report. 

In view of these sources of error, it is probable that when readings of 0.00 
and 0.03 second were, obtained, the true values were closer to 0.01 and 0.02 
second, respectively. When the PAc to AAc difference was recalculated after 
these latter, values were arbitrarily assumed for the AAc time, the findings dif- 
fered very little from those of Table I. The number of subjects showing the left 
ventricle leading became thirty-two (thirty-three in Table I); cases showing 
synchronous ejection became seventeen (fourteen in Table I); cases showing the 
right ventricle in the lead became nineteen (twenty-one in Table I). 

In Patients With Intraventricular Block . — The same method of study was 
applied to a group of sixteen patients with clear-cut electrocardiographic signs 
of left or right bundle branch block. (No cases of unclassified or indeterminate 
block were encountered.) It was immediately apparent that the PAc time was 
significantly altered as compared with that of the normal subjects. In 100 normal 
young adults, ejection on the pulmonary artery occurred from 0.03 second before 
to 0;01 second after ejection on the carotid artery (that is, PAc = 0.03 to 
“0.01 second). As shown in Table II, in fifteen .of our subjects with bundle 
branch block, this PAc measurement fell outside the normal range. It measured 
more than 0.03 second in nine of ten patients with left bundle branch block and 
less than —0.01 second in each of six patients with right bundle branch block 
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(examples shown in 3, 4, and 5). 'I'liese limlinKs sUf'Reslcd that the meas- 
urement of the PAc interval alone iniKht be adequate to rietect bundle branch 
block. Before this was accepted as a valhl single criterion, other jiossible criteria 
were studied. 


TAner- 11. Rhsui.ts or Asv.xcmto.vi.s.M Stuoiks in Ue.vni.i; ItRANcn heocK 


niAGNO-SIS IIY liCG 

P.Ac i.N si:cosns 

1 

1 i.vir.i'i'iinT.uioN* 

( 

RitrlU bundle hrancli block 


1 

j 

\V. !• . 

1 -.OS 

! Definite bundle I;randi block 

E. II. 

i ~ n.s 

: Definite bundle br.'iricb, block 

\V. 1C. 

• - (kS 

i Definite btiiv.lk br.incii block 

L. M. 

! - 05 

Definite bundle bmncli block 

E. iM. 

i - n) 

> Definite bundle branch bh/ck 

B. Y. 1 

j -.U4 

; l.>efinite bundle br.nnch bbx:k 

Left bundle Iiranch block | 


1 

W. C. 

.0/ 

! Definite btimiie lirnnch block 

J. K. 

“i" 

! ftefinite bundle b.'anch blrick 

H. S. 

-j- 07 

; f-tefiniie bundle branch block 

.M. H. 

4-. 07 

; Definite biinfile branch bhxrk 

B. L, 

06 

Definite iiuiulk* branch block 

J. z. • i 

-f- Of, 

Definite bundle branch block 

Be. L. 

-b 0.=; 

Definite bundle branch bhK'k 

H. A. 

-b 01 

j Borderline bundle branch block 

R. M. 

-b.oi 

; Borderline bundle branch block 

C.J. 

-1- o.t 

1 Xornial 

♦Note; "Xormnl”= PAc -f o.ns to 

-0.01 Kceentl; ”ln>nlrr!liii'” ~ I’.Ac nitliUs 0.01 fcrnnii of 


“normal”; '‘dfflnitr’' = I'Ac more than 0.01 «frond out«i(l<' "normal,” 

At the time these patients were examined, both the clertrokymograph and 
the technique of its use were in a developmental sta.ee and we obtained satis- 
factor)-^ records of the motions of the ascending aorta in only five of the sixteen 
patients. In them it was po.ssible to determine the de.grce of \cntricular as>'n- 
chronism b\' comparing P.Ac and AAc measurements, as was done with the nor- 
mal subjects. These five were individuals with left bundle branch block. Their 
PAc to AAc difference measured 0.07, 0.06, 0.05, 0.04. and 0.03 second, respec- 
tively (upper limit of normal, 0.03 .second). I'hus, in all but one case, the de.gree 
of ventricular asynchronism was abnormally increased and the lag in left ven- 
tricular ejection was greater than in normal subjects. The same conclusion 
was reached from analysis of the P.Ac measurement alone in ail but one patient 
(B. L.). In this patient, the PAc measurement (0.06 second) indicated a distinct 
left bundle branch block, while the I’Ac to AAc dilTercnce gave a reading of 0.03 
second, which is within the normal variation. 

There were twelve among the group of sixteen patients with intraventricular 
block in whom we failed to obtain satisfactorx* records of the ascending aorta 
but had good electrokymograms of the aortic knob. This information was used 
to calculate the time of ejection into the ascending aorta. The time for trans- 
mission of the pulse wav'^e from the ascending aorta to tlie aortic knob 
was found to avera.ge 0.014 second (0.00 to 0.03 second) by electrokymographic 
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Fig. 3. — Electrokj-mogram illustrating left bundle branch block. A, B. L., 52 years of age, man. 
Electrocardiogram shows left bundle branch block (QRS, 0.14 second), PAc= 0.07 second. B, H. S., 
39 years of age, man. Electrocardiogram shows left bundle branch block with A-V dissociation (QRS, 
0.14 second), PAc= 0.08 second. 
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ahtehy sky 
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Fig. 4.— Electrokymogram illustrating right bundle branch block. 
Electrocardiogram shows right bundle branch block (QRS, 0.14 second). 


E. M.. 42-year-old 
PAc = —0.03 second. 


man. 
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ECO (Lead II) 



.STKTHOCaAM (APia) 



Fig. 6, — ^Example of right bundle branch block and simultaneous recording of multiple events. 
Lead II of electrocardiogram shown. Standard and precordial leads show right bundle branch block 
(QRS, 0.15 second), PAc= —0.05 second. 
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Study. By applying this correction factor to the AKc time (ejection on the aortic 
knob electrokymogram to ejection on the carotid syphgmogram), we obtained an 
estimated AAc interval for each of these twelve cases. With this method, the PAc 
to AAc difference was outside normal limits, varying from 0.04 to 0.07 second, 
in eleven patients; while in one, B. L., it measured 0.03 second, the upper limit 
of normal. Wolferth and associates'^ compared the onset of ejection on the aortic 
knob and pulmonarj’^ artery segments of the roentgenkymograms of patients 
with left bundle branch block. By allowing 0.01 second for transmission from 
the ascending aorta to the aortic knob, they were able to calculate the difference 
between the time of ejection on the ascending aorta and pulmonarj’^ arterjL 
This difference varied from 0.04 to 0.07 second in patients with left bundle 
branch block, agreeing with our results. 

All these cross correlations of the PAc, AAc, and AKc times gave results 
in excellent agreement with those we obtained from analyzing the PAc time 
alone. It appears, therefore, that the simpler determination of the pulmonary 
artery to carotid time alone will detect abnormal degrees of ventricular asyn- 
chronism. 


COMMENTS 

The results obtained by these studies of normal man closely correspond 
with those found by Katz^ in his study of dogs. In twenty-four experiments he 
found that right ventricular ejection preceded in eleven instances by 0.016 to 
0.027 second; left ventricular ejection preceded in eleven instances by 0.013 to 
0.03 second; ejection from the two ventricles was simultaneous in two cases. 
In both his and our studies, asynchronous ejection occurred more commonly 
than synchronous ejection: either the. right or left ventricle led in about the same 
percentage of cases. Our findings were also in accord with those of Katz in regard 
to the degree of asynchronism observed. 

With the electrokymograph the motion of the right and left ventricular 
borders can be recorded. The most direct method for studying contraction and 
ejection phenomena would be to record these simultaneously and make a direct 
comparison of acthdties. However, the technique of simultaneously recording 
motion of the two ventricles is difficult and requires special apparatus. The 
records obtained so far have not shown sharply defined and measurable points 
of ejection. 

Another approach is to record simultaneously electroky'mograms of the 
pulmonarj'^ artery and the ascending aorta. We have not been able to do this in 
a group of normal young people because the anatomic position of these two ves- 
sels was such that thej'^ could not both be brought into silhouette at the same 
time. In one of three attempts with older individuals with bundle branch block, 
we obtained satisfactor}”^ simultaneous recordings of these two great vessels. 
This record indicated a left bundle branch block of the same degree as found by 
analysis of the single electrokymogram of the pulmonarj^ arter>'^ and the carotid 
sphygmogram. 
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It is simpler and quicker to analyze the pulmonary artery^ electrokymogram 
than to use the more complex methods. The measurement of the PAc interval 
alone appears adequate for detecting increased degrees of asynchronism in 
patients witli intraventricular block. 


■ SUMMARY 

1. The electrokymograph was utilized to study asynchronism of ejection 
from the ventricles of man. 

2. Analysis of electrokj'-mograms from the pulmonaty- arteiy^ and the 
ascending aorta demonstrated that asynchrpnous ventricular ejection was more 
frequent than synchronous ejection in the normal subjects studied. 

3. A simple method of detecting increased degrees of asynchronism in 
patients with bundle branch block was demonstrated, utilizing the pulmonary 
artery electrokymograms and the simultaneously recorded carotid sphygmo- 
gram. 

4. In patients with left bundle branch block, the ejection wave on the 
pulmonary artery curve preceded that on the carotid record by a significantly 
greater time than in the normal subjects. 

5. In patients with right bundle branch block, the ejection wave on the 
pulmonary artery curve occurred after that on the carotid record by a signifi- 
cantly greater time than in the normal subjects. 

Electrocardiograms were interpreted by Doctor Hugo Roesler, who gave invaluable encour- 
agement and aid in this study. 
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ON THE EVIDENCE FOR GENERALIZED ARTERIOLAR 
CONSTRICTION IN COARCTATION OF THE AORTA 


Edgar Hull, M.D. 

New Orleans, La. 

a 

I N 1938, Steele and Cohn,^ and in 1941, Steele- advanced the opinion that the 
hypertension which is present in the arms in most cases of coarctation of the 
aorta is not solely due to the direct mechanical effects of the lesion, but rather 
that it is due to the occurrence of increased arteriolar tone throughout the body. 
The significance of experiments with acute obstruction of the aorta performed 
by Brotchner,® which he interpreted as supporting the opinion expressed earlier 
by Blumgart, Lawrence, and Ernstene'* (who believed that the hypertension is 
of purely mechanical causation), has been discounted by Steele." 

The opinion that widespread arteriolar constriction exists is based on two 
pieces of evidence. The first is the finding of Prinzmetal and Wilson® and of 
Pickering,® who independently noted that in cases of coarctation the resting 
volume of blood flow through the hand and forearm, as estimated by a plethys- 
mographic method, was not increased above the normal. This finding is inter- 
preted as evidence for the existence of arteriolar constriction in the upper por- 
tion of the bod}L The second is the observation of Steele and Cohn,^ and of 
Steele,^ that in two of three cases of coarctation of the aorta, diastolic pressure 
in the femoral artery, measured directly, was increased above normal levels. 
This observation was interpreted by Steele- as evidence of general increase in 
arteriolar tone throughout the body. 

The observations of Prinzmetal and Wilson and those of Pickering do not, 
however, afford positive proof of the e.xistence of arteriolar constriction in the 
upper portion of the body in coarctation of the aorta; a body of purely clinical 
evidence suggests strongb^ that, at least in some cases, blood floAv is increased 
through tissues supplied by arteries which take origin above the constricted 
isthmus, and decreased in the regions supplied by arteries which arise below the 
obstruction. In this body of evidence, which has recenth' been summarized by 
Reifenstein and associates," may be mentioned warm hands and cold feet, high 
facial coloring,® numbness and pallor of the feet and legs, overdevelopment of the 
upper as compared w.th the lower extremities, and intermittent claudication.'* 
The occurrence of a capillary pulse in the lips® is also strong but not incontro- 
vertible evidence against the existence of arteriolar' constriction in this region. 

Prom the Department of ile:licine of the Louisiana .State University School of Metlieine, and the 
Charity Hospital of Louisiana at New Orlean.s. 
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It should be noted, also, that if arteriolar constriction throughout 

the body exists in coarctation of the aorta, the flow of blood through the upper 
portion of the body should be increased and that through the lower portion 
decreased, just the same as if arteriolar tone throughout the bod}^ were normal. 
If flow is not increased in the tissues which receive blood from the aorta above 
the constricted isthmus, it must follow that flow in the tissues which receive 
blood from arteries which arise below the isthmus is not decreased, and there- 
fore, that selective constriction of the arterioles in the upper portion of the body 
exists. 

f 

With regard to the significance of the second piece of evidence, elevation 
ol the diastolic pressure in the femoral artery cannot, per se, be interpreted as 
evidence for a general increase in arteriolar tone throughout the bodjL The 
pressure in a given peripheral artery furnishes an accurate index of peripheral 
resistance throughout the bodj^ (in relation to cardiac output and the capacity 
of the arterial tree) only if no abnormal resistance intervenes between the heart 
and this artery to oppose the flow of blood or to interfere with the transmission 
of pressure waves. 

Further, the ca.rdiac output, the capacity of the arterial system, and the 
magnitude of the factors which oppose the flow of blood determine m€a7i 
pressure in the aorta; no one of them determines the level of diastolic pressure. 
Systolic pressure, diastolic pressure, and all other instantaneous pressures de- 
pend upon the mean pressure and upon the amplitude and form of the aortic 
pressure pulse. Obviously, if the pulse is of large amplitude, the values for 
systoliCf mean, and diastolic pressure are widely separated, while if the ampli- 
tude of the pulse is small, these values all lie close together. Thus, it is quite 
possible, if the pressure pulse is of abnormally small amplitude, for the diastolic 
pressure to be elevated even though mean pressure is decreased. Normally, 
mean intra-aortic pressure is about 105 mm. Hg; systolic pressure, 130; diastolic, 
85; and pulse pressure, 45. Should factors intervene to reduce mean pressure 
to 98 and pulse pressure to 10, systolic pressure might then be 103, and dias- 
tolic, 93. 

In coarctation of the aorta, an abnormal resistance to the flow of blood 
and to the transmission of pressure waves is interposed between the upper and 
lower segments of the aoita. For reasons that are quite clear, this resistance 
causes elevation of mean pressure in the proximal segment and increase in the 
amplitude of its pressure pulse. These changes are reflected in the pressures 
in the brachial artery. For the same reasons, mean pressure in the distal portion 
is lower than that in the proximal segment, and the pressure pulse in the distal 
aorta is markedly decreased in amplitude. These changes are reflected in the 
pressures in the femoral artery. 

In the. brachial arterjq diastolic pressure is considerably removed from mean 
pressure, while in the femoral artery diastolic pressure is much nearer the mean. 
For this reason, it should be expected that diastolic pressure in the femoral 
artery might well be as high as or higher than diastolic pressure in the brachial 
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artery; this is especially likely to be the case if mean pressure in the distal aorta 
is not greatly below that in the proximal segment. 

Other examples of elevation of the diastolic pressure as a result solely of 
decrease in the amplitude of the pulse wave may be cited. 

1. In instances of partial obstruction of one subclavian artery by pressure 
of an aortic aneurysm or due to sclerotic change, diastolic pressure in the brachial 
artery of the obstructed side is often higher than that in the opposite arm. In 
a patient recently seen by the writer, there was partial obstruction of the right 
subclavian artery. The pulse at the left wrist was of normal volume; that at the 
right, very small. Arterial pressure in the left arm was 140/90; in the right, 
115/105. The elevation of diastolic pressure is due to marked decrease in the 
amplitude of the pulse wave associated with only slight reduction in the mean 
pressure. 

2. In normal subjects, application of the right amount of pressure to the 
upper arm will often cause elevation of diastolic pressure in the brachial artery 
below the site of compression. In a typical experiment, two blood pressure cuffs 
were applied to the arm: one immediately above the elbow, the other just below 
the shoulder. The upper cuff was used to a.pply pressure, the lower for estima- 
tion of the blood pressure. With the upper cuff deflated, the blood pressure was 
110/72, the "normal” blood pressure for this subject. With the upper cuff 
inflated to a pressure of 90 mm. Hg, which caused definite decrease in the volume 
of the pulse at the wrist, the blood pressure was 88/80. 

3. In aortic stenosis of moderate or high grade, the diastolic pressure is 
often slightly or moderately elevated. This elevation is a result of decrease in 
the amplitude of the pulse wave due to slow systolic discharge of the left ven- 
tricle. 

In some cases of coarctation, mean pressure in the femoral arteries is actually 
above normal, although in all cases, it is lower than mean pressure in the brachial 
arteries. This elevation does not necessarily signify the presence of arteriolar 
constriction in the lower extremities, but may just as well be due to hypoplasia 
and diminished capacity of the distal segment of the aorta and its branches. 
Such hypoplasia has been noted in many cases at necropsy.® 

CONCLUSIONS 

The evidence at hand does not afford proof for the existence of a general 
increase in arteriolar tone throughout the body in coarctation of the aorta. 
Hypertension in the arms and elevation of diastolic pressure in the legs both 
may be explained by the mechanical effects of the lesion. Consideration of the 
results of recent studies does not warrant abahdonment of the concept presented 
in 1931 by Blumgart, Lawrence, and Ernstene.'* 
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OBSERVATIONS CONCERNING THE INF'LUENCE OF CALCIUM UPON 
THE ACTIONS OF A DIGITALIS GLYCOSIDE 


Meyer Friedman, M.D., and Rene Bine, Jr., M.D 
San Francisco, Calif. 

T he possible relationship of calcium and digitalis compounds with respect to 
their combined effects upon the heart is still not completely known. Clark, ^ 
working with the frog’s heart, was the first to observe that digitoxin did not affect 
its typical cardiac actions in the absence of calcium. Later, Ransom- found that 
strophanthin markedlj'^ improved the beating of a perfused frog’s heart if the latter 
had been weakened previously by the removal of calcium from the perfusion 
fluid. Loewi^ confirmed these results, emphasizing the similarity of cardiac effects 
following either the administration of strophanthin or e.xcess calcium. It is probable 
that the concept of synergism between calcium and digitalis compounds had its 
origin in the results of these experimenters. 

Later workers approached the problem by studies of the intact mammalian 
heart following exposure either to digitalis or calcium. Gold and Edwards,^ 
working on dogs, concluded that a marked synergism existed between ouabain 
and calcium. Lieberman,® Bower and Mengle® McGuigan and Higgins," and Smith 
and associates,®-® however, could find little eiddence of anj' synergism existing 
between calcium and digitalis compounds. 

In the present communication, the results of studies concerning the actions 
of calcium and the digitalis glycoside, lanatoside C, upon the embrj'-onic duck 
heart are reported. These results indicate that the calcium ion and the glycoside 
are not synergistic. More important, perhaps, the results also indicate that the 
physiologic activity of the glycoside employed is not impaired by the total absence 
of calcium. 

METHODS 

The manner in which the embryonic duck heart, devoid of nervous ele- 
ments,^®'“ can be employed for the stud)'^ of the cardiac effects of a digitalis 
glycoside has already been described. In the presence of sufficient digitalis glyco- 
side, the embryonic heart immediately increases its rate of beating, exhibiting 
a hypertonic type of contraction and beginning to have auriculoventricular 
block, the n becomes irregular, slower, and finally ceases. The time of occurrence 

From the Harold Brunn Institute for Cardiovascular Research, Jit. Zion Hospital, San Francisco 
Calif. 
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of A-V block and the duration of beating at any given temperature have been 
found to bear a close quantitative relationship to the concentration of glycoside. 
Thus, the amount of glycoside in contact with an embryonic heart can be esti- 
mated by the chronological sequence of the development of A-V block and cessa- 
tion of beating. 

Tyrode’s solution was qmployed as the basic medium, and changes in its 
calcium or potassium content were made either by removing or adding the chlo- 
rides of either cation. Lanatoside C (derived from Digitalis lanata) was used in 
all experiments and a fresh ampule of it was opened for each day's experiments. 

RESULTS 

The Effect of Variations in Calciiim Ion Concentration Upon the Embryonic 
Duck Heart. — As Table 1,A indicates, variations from 5.0 to 100 mg. of calcium 
chloride per 100 c.c. of Tyrode’s solution had little effect upon the cardiodynamics 
of the embryonic hearts, except for a slowing of rate and slight irregularity of 
rhythm of hearts immersed in Tyrode’s solution containing excess calcium 
(Table I, .4,5). Hearts beating in Tyrode’s solution containing no calcium (Table 
I, A, 2), however, beat weakly, and twelve of thirty-two hearts (37.5 per cent) 
exhibited -A-V block after an average period of fifteen minutes. In summary, at 
no concentration of calcium studied were hearts observed to behave like those 
exposed to digitalis glycoside. 

Table I. The Effects of Variations in the Concentration of Calcium on Normal 
Embryonic Hearts and on Those Exposed to Digitalis Glycoside 






A-V 

ONSET 



DURATION 

CALCIUM 

number 

SIZE 

RATE 

BLOCK 

OF A-V 


FORCE 

OF CON- 

CONC. 

OF 

OF 

(per 

(no. 

BLOCK 

RHYTHM 

OF 

TRACTIONS 

(mg. %) 

HEARTS 

HEARTS* 

MIN.) 

hearts) 

(min.) 


BEAT 

(min.) 


A. No Digitalis Glycoside Present 


l-t 

20 

15 

28 

59 

0 


Reg. 

Vig. 

Over 60 

2. 

-0 

32 

31 

66 

12 

15 

Reg. 

Weak 

Over 60 

, 3. 

5 

12 

29 

74 

0 

— 

Reg. 

Mod. 

Over 60 

4. 

10 

8 

29 . 

74 

0 

— 

Reg. 

Mod. 

Over 60 

5. 

100 

12 

29 

1 

39 

0 

i 


Irreg. 

Vig. 

Over 60 


B. With Digitalis Glycoside {0.001 Mg. Per c.c.) 


l-I 

20 

18 

31 

90 

18 

11 

Irreg. 

Vig. 

22 

2. 

0 

41 

28 

84 

12 

19 

Irreg. 

Mod. 

34 

3. 

5 - 

16 

22 

70 

10 

18 

Irreg. 

Mod. 

27 

4. ■ 

10 

12 

24 

66 

12 

19 

Irreg. 

Mod. 

26 

5. . 

100 

12 

29 

75 

12 

10 

Irreg. 

Vig. 

22 


■"Equals the diameter in millimeters of the vascular sinus surrounding the embryo. 

, tEquals a control solution or ordinary Tyrode’s solution. 

JEquals a control solution of ordinary Tyrode’s solution plus 0.001 mg. of digitalis glycoside per 
cubic centimeter. 
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The Effect of Variations in Calcium Concentration Upon the Activity of a 
Toxic Amount of Digitalis Glycoside. — The immersion of eighteen duck hearts in 
ordinary Tyrode’s solution containing the normal amount of calcium chloride 
(20 mg. per cent) and 0.001 mg. of lanatosidc C per cubic centimeter was found 
(Table I, B,l) to result in A-V block in each of the hearts after an average period 
of eleven minutes (range, nine to thirteen minutes) and in permanent cessation of 
beating after an average period of twenty-two minutes (range, thirteen to thirty 
minutes). This to.xic action of the glycoside was markedly but not completely 
inhibited, however, if all calcium was removed from Tyrode's solution. Thus, 
only twelve of forty-one hearts (29 per cent) exposed to glycoside in the absence of 
calcium exhibited A-V block and then only after nineteen minutes (Table I, 2). 
This same series also continued to beat for ihirty-four minutes. Hearts e.xposcd 
to the same amount of glycoside in Tyrode’s solution containing 5.0 or 10 mg. per 
cent of calcium chloride (see Table 1, 15, 3 and 4) also showed somewhat lessened 
sensitivity to the glycoside as compared with the control hearts. Excess calcium, 
however, was not found to enhance the action of digitalis glycoside, as hearts 
immersed in Tyrode's solution containing 100 mg. per cent of calcium chloride 
did not exhibit A-Y block or cease beating any faster than did the control hearts 
(Table I, B, 5). These results indicated that, whereas the withdrawal of calcium 
from Tyrode’s solution partially inhibited the action of glycoside, an excess 
amount of calcium did not enhance the action of the cardiac drug. 

The Effect of Excess Calcium Upon the Sensitivity of the Embryonic Duck 
Heart to Varying Amounts of Digitalis Glycoside. — Although the foregoing experi- 
ment appeared to indicate that calcium bore neither synergistic nor specific addi- 
tive relationship to the action of a digitalis gh'coside, it was conceivable that the 
extreme toxicit 5 '^of the quantit}' of gh'coside employed precluded further accelera- 
tion of its activity, despite the type of agent added. 

It wasfound, however, that the addition of e.xcess calcium (100 mg. percent) 
did not enhance the action of digitalis glycoside at any concentration of the 
latter employed (Table II). Thus, hearts exposed to 0.001 , 0.0005, and 0.0001 mg. 
of glycoside per cubic centimeter of normal Tyrode's solution exhibited A-V block 
and cessation of beating just as often and as rapidly as did hearts e.xposed to the 
same amounts of glycoside plus e.xcess calcium (Compare Table II, A and B). 
Moreover, neither hearts in normal Tyrode’s solution nor hearts in excess calcium 
reacted to 0.00001 mg. of glycoside per cubic centimeter. These results indicated 
that excess calcium did not render the duck heart more sensitive to the effects of 
digitalis glycoside at any concentration. 

The Behavior of the Embryonic Duck Heart Exposed to Digitalis Glycoside in 
Tyrode's Solution IVithout Potassium and Tyrode's Sohiiion Without Potassium 
or Calcium. — ^The preceding experimental observations, while indicating tliat no 
synergism existed between calcium and digitalis glycoside, nevertheless also 
suggested that the action of the glycoside was markedly interfered with if 
calcium was diminished or absent. Since the withdrawal of calcium from 
Tyrode’s solution is known to accentuate the effect of the potassium still remain- 
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TiVBLE II. The’ Effect of Excess Calcium on the Sensitivity of Embryonic Hearts to 

Various Qu.antities of Digitalis Glycoside 



digitalis 



A-V BLOCK 

onset of 

duration of 


glycoside 

number 

SIZE OF 

(no. 

A-V BLOCK 

CONTRACTIONS 


(mg/c.c.) 

OF HEARTS 

HEARTS* 

hearts) 

(min.) 

(min.) 


A.. Hearts in Ordinary Tyrode's Solution 


1. 

0.001 

1 

18 

31 

18 

11 

22 

2. ^ 

0.0005 

■ 15 

33 

15 

14 

42 

3. 

0.0001 

12 

31 

12 

18 

46 

4. 

0.00005 

18 

32 

14 

39 

Over 60 

5. 

0.00001 

16 

28 

0 

'■ 

Over 60 


B. Hearts in Tyrode's Sohitioji With High Calcium (100 Mg. %) 


1. 

0.001 

12 

29 

12 

10 

22 

2. 

0.0005 

14 

22 

14 

12 

38 

3. 

0.0001 

13 

32 

12 

18 

41 

4. 

0.00005 

20 

28 

6 

45 

Over 60 

. 5. . 

0.00001 

10 

30 

0 


Over 60 


♦Equals the diameter in millimeters of the vascular sinus surrounding the embryo. 


ing in this type of solution, it was thought possible that this last fact might well 
explain the diminished action of digitalis glycoside after the withdrawal of 
calcium. In other words, the known action of potassium in inhibiting the action of 
digitalis compounds^^*^^ would be accentuated following the removal of calcium. 
Control studies were made on hearts beating in the absence of potassium and also 
in the absence of both potassium and calcium (Table III, A, 2 and 3). Auriculo- 
ventricular block and cessation of beating occurred as frequently and as rapidly 
in both types of solution. 

Eleven hearts immersed in Tyrode’s solution containing no potassium but 
0.001 mg. of glycoside per cubic centimeter exhibited A-V block after five minutes 
and ceased to beat after seventeen minutes. These results when compared with 
those obtained on hearts exposed to the same quantity of glycoside in normal 
Tyrode’s solution (compare Table III, B, 1 and 2) indicated that the absence of 
potassium markedly accentuated the activity of digitalis glycoside. Furthermore, 
when twenty-three hearts were exposed to the same quantity of digitalis in Ty- 
rode’s solution containing neither calcium nor potassium, it was found (see Table 
III, 5,3) that these hearts exhibited A-V block and cessation of beating as rapidly 
as did those immersed in T 5 Tode’s solution containing calcium but no potassium 
(compare Table III, 5,2 and 3). In summary, calcium was not found to be 
necessary for the action of digitalis glycoside if potassium was absent. 
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Table III The Effects of Potassium and Calcium Deprivation on Normal Emuyronic 
Hearts and Those Exposed to Digitalis Glycoside 




NUMBER 

SIZE 


type of SOLUTION 

OF 

OF 



HEARTS 

HEARTS 


rate 


A-V 

BLOCK 

(no.) 


onset 
OF A-V 
BLOCK 
(MIN.) 


DURATION OF 


CONTRACTION 

(MIN.) 


A . iVo Digilalis Glycoside Present 


Normal Tyroclc’s 

15 

28 


0 

- 

Over 60 

Tyrocle's — No K 

29 

29 


21 

14 

29 

Tyrode’s — No K, No Ca 

18 

26 


14 

15 

29 


B. IIVl/i Digitalis Glycoside (0.001 Mg. Per c.c.) 


1. 

Normal Tvrode’s 

18 

31 

n 

IS 

11 1 

22 

2. 

Tvrodc's — No K 

11 

28 


11 

5 

17 

3. 

1 

Tyrode*s — No K, No Ca 

I 

23 

26 

m 

23 

6 

15 


DISCUSSION 

There appeared to be little doubt from our results that the action of calcium 
upon the embryonic duck heart was radically different from that of the digitalis 
glycoside employed. Likewise, no variation in calcium was found to give results 
which might suggest that a synergism existed between it and digilalis glycoside in 
their effects upon the duck heart. 

Despite the lack of evidence suggesting a synergism between e.xcess calcium 
and glycoside, our studies did indicate that very low concentrations of calcium in 
Tyrode’s solution retarded the action of digilalis glycoside. This latter phenome- 
non was found to be due not to the absence of the calcium ion, per se, but to the 
relative physiologic preponderance of the potassium ion which resulted after the 
withdrawal of calcium. Thus, it was this accentuation of the physiologic activity 
of potassium with its increased inhibition of digitalis glycoside*--’^ which accounted 
for the diminished action of digitalis glycoside in the absence of calcium. This 
was shown clearly in those experiments in which hearts immersed in Tyrode’s 
solution containing neither calcium nor potassium reacted as much to digitalis 
glycoside as did tliose immersed in Tyrode’s solution lacking only potassium. It 
should be emphasized also that Clark* emploj^ed solutions containing potassium, 
and his withdrawal of calcium from these same solutions could have inhibited 
glycoside in the same indirect manner which has been discussed. 

SUMMARY 

The embryonic duck heart was employed for e.vperiments in which the re- 
lationship of calcium and a digitalis glycoside was studied. It was found that the 
effects of this glycoside were not enhanced by excessive amounts of calcium. 
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Finally, it was discovered that the digitalis glycoside studied could exert its 
typical and usual affects in the complete absence of calcium. 
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A NOMOGRAM FOR RATE CORRECTION OF THE Q-T INTERVAL 
IN THE ELECTROCARDIOGRAM 


Milton Kissin, M.D., Myron M. Schwarzschild, M.A., and 

Hyman Bakst, M.D. 

New York, N. Y. 

T ARAN and Szilagyi^ have shown recently that prolongation of the Q-T in- 
terval is a valuable diagnostic sign of rheumatic carditis in children. It is 
probable that measurement of the Q-T interval will now become a routine pro- 
cedure. Because it is necessary to standardize the Q-T for rate with one of 
several formulas which require the application of time and arithmetic, it occurred 
to us that a nomogram for making the rate correction would be useful. 

There are several empirical formulas which may be used to standardize the 
Q-T interval for rate. These formulas were recently reviewed by Schlamowitz," 
who added one of his own. The several formulas yield figures which are approxi- 
mately the same. Bazett’s formula® is the simplest and has been used more 
widely than any other. We chose, therefore, to use the Bazett formula in our 
nomogram. 

Bazett’s formula is Q-T = K\^R-R, where Q-T = Q-T interval in seconds, 
R-R= cycle length in seconds, and K— a constant. Bazett’s constant K is 
0.370 ± 0.024 in men and 0.400 ± 0.040 in women. In applying the formula, 
one compares the measured Q-T with the normal Q-T. The normal Q-T is found 
from the formula in which the heart cycle length and the Bazett constant are 
known.' There are tables based on this formula which give the normal Q-T 
associated with a given R-R.® One may then compare the normal Q-T with the 
measured Q-T. 

Q-T 

The formula is used more generally in another way, namely: — - = K. 

VR-R 

The measured Q-T is divided by the square root of the measured R-R. The 
quotient obtained, K, is then compared Avith Bazett’s K. This method has an 
advantage in that one need remember only the normal K (or K’s) rather than the 
many normal Q-T’s corresponding to various heart rates. This method was used 
by Barker and associates,® for example, in their study of the Q-T interval in 
hypocalcemia. 

Taran and Szilagyi^ also used this method and, in addition, introduced a 
new thought. He preferred to call the K the Q-T corrected for rate, or the 
Q-Tc. 


From the Medical Ser\-ice and the Cardiac Clinic. Beth Israel Hospital, New York, N. Y. 
Received for publication April 8, 1947. 
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We feel that this concept of Q-Tc represents an advantage. Bazett’s formula 
may thus be considered to standardize the Q-T interval to a heart rate of 60 per 
minute or to a cycle length (R-R) of one second. 

0.6 T 


0.55 


0.5 


0.45 



OBSERYEO O-T INTERVAL 

In IftOHOi 


CORRECTED O-T INTERVAL 
m sicemt 


0.2 


0.25 


02 


0.35 


0.4 


0.45 


02 


025 


-^ 0.6 

Pig. 1. — Nomogram for rate correction of Q-T interval. See text for method of use. 

According to Ashman and Hull,® who have made thousands of measure- 
ments of the Q-T interval, the normal Q-T for an R-R of 1.0 second is: men and 
children, 0.386; women, 0.396. The upper limits of normal are: men and chil- ' 
dren, 0.422; women, 0.432. 
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The nomogram, Fig. 1, is used as follows: From the actual Q-T (left column) 
and R'R (central column), one may draw a line to the right column and read off 
the Q-Tc. This figure may then be compared with the normal Q-Tc. We have 
used as our straight edge a piece of vinylite or x-ray film with a scratch several 
inches long which has been inked in. 

Instead of a nomogram, a slide rule may be used. The ordinary slide rule 
lends itself readily to the Bazett formula. A special slide rule could easily be 
devised. 

The method of measurement of the Q-T interval deserves mention. The 
beginning of the QRS or the end of the T wave may be isoelectric in any single 
lead. Therefore, that lead in which the Q-T interval is longest is the proper lead 
in which to make the measurements. In that lead, several Q-T and R-R inter- 
vals should be measured and the resulting Q-Tc’s averaged. It is incorrect to 
measure several Q-T intervals, then several R-R intervals, and divide the average 
Q-T by the square root of the averaged R-R. 


SUMMARY ' 

1. A nomogram for correcting the Q-T interval for heart rate, according 
to Bazett's formula, is presented. 

2. The Q-T corrected for rale represents the Q-7' corresponding to a heart 
rate of 60 (cycle length 1.0 second). It is suegested that it be known as the 
Q-Tc. 

3. The lead in which the Q-T interval is largest is the correct lead in which 
to measure it. 
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Clinical Reports 


HEMOCHROMATOSIS WITH DEATH FROM HEART FAILURE 

H. St. George Tucker, Jr., M.D., Lloyd F. Moss, M.D., 

AND J. Po^^^^LL Williams, M.D. 

Richmond, Va. 


U NTIL recent years, little attention was paid to cardiac symptoms as a 
manifestation of hemochromatosis. In Sheldon’s* classic monograph on 
this disease, myocardial failure is mentioned only as an incidental cause of death. 
Althausen and Kerr“ stressed the cardiac findings in three patients and sug- 
gested that, with the prolongation of life possible with insulin control of dia- 
betes, cardiac symptoms would be found more frequently. We are in agree- 
ment with this prediction. 

Blumer and Nesbit® and PetiU have reported patients with hemochromatosis 
with cardiac failure, and all three authors have extensively discussed this com- 
plication. Murray Lyon® reported three cases of patients with hemochroma- 
tosis, two of whom died of heart failure. Bloom® and John” have described pa- 
tients with hemochromatosis who showed unmistakable evidence of cardiac 
disorder. A large group of French authors®**® have stressed the cardiac features 
of hemochromatosis and give to this symptom complex the name “syndrome 
endocrino-hepato-cardiaque.” The most comprehensive discussions are those 
of de Gennes and-co-workers** and of Oumansky and Longuet.*'* 

To call attention again to the importance of myocardial changes in this 
disease, the following case is presented. 

CASE REPORT 

L. R., a 31-year-old farmer, was admitted to the \''eterans Administration Hospital, Rich- 
mond, Va., on April 25, 1946, by transfer from the Medical College of Virginia Hospital. He had 
been admitted there on April 21 in diabetic coma, Avhich had been successfully treated, and 
diabetes was fairly well controlled at the time of transfer. 

The patient had regarded himself as being in good health all his life and had ser\-ed in the Army 
from Sept. 9, 1943, until Feb. 1, 1946. During this period, he had been stationed in the Philip- 
pines and in New Guinea and had served as a cook and as a welder. He had had four Army 

From the Veterans Administration Hospital and the Medical College of Virginia Hospital, Rich- 
mond. Va. 
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hospitalizations, three for impetigo and one for stomach trouble. He knew of no urinary finding.s 
on these admissions. In November, 1945, he began to lose weight. He returned to the United 
States on points and received an honorable di.scharge Feb. 1, 1946. He stated that no urinalysis 
was done at this time. During the nc.vt three months he noticed nocturia, polyuria, polydipsia, 
increasing weakness, and weight loss of 25 pounds. On April 19 he began to be drowsy, grew 
nauseated and vomited, and lapsed into unconsciousnes.s. Diabetic coma wa.s diagnosed by 
his family physician and he was referred to the hospital for treatment. 

On admission to the Mediail College of Virginia Hospital, the patient was scmicomatose, 
dehydrated, and e.vhibitcd Kussmaul breathing. The skin was of a dusky, browni.sh color, and 
the liver edge was palpable at the level of the umbilicus. Urine showed 4 plus sugar and 4 plus 
acetone. Blood sugar was 800 mg. per cent. 9Jie carbon dioxide combining power was 20 
volumes per cent. During the next twelve hours, the patient rccci\'ed 970 units of insulin, 4000 
c.c. of normal saline, and 1,000 c.c. of S per cent glucose in saline, with good clinical and chemical 
recovery from coma. The patient was placed on a suitable diet and maintained on 30 unit.s of 
insulin before each meal. Hemochromatosis was suspected because of the dusky skin pigmentation 
and hepatic enlargement. The urine sediment was e.xamincd for hemo.^iderin and was reported 
negative. On .April 25, the patient was transferred to the X'eternns Administration Hospital. 

On admission to this hospital, the patient was alert and in no discomfort. He was thin and 
emaciated, and the skin was of a dusky tan color with a suggestion of a leaden hue when the light 
fell across it. Blood pressure was 95/55. The liver was greatly enlarged, the firm edge being 
palpable at the level of the umbilicus and extending across into the left upper quadrant. The 
spleen was not palpable. The heart was apparently of normal size, with regular rhythm. The 
sounds were distant, but no murmurs were heard. The lungs were clear. Deep reflexes were 
hypoactive in the lower extremities. Examination otherwise was entirely negative. 

The histoiA’ was reviewed and was essentially as lias been given. The patient stated that 
during his last months in the Army, friends commented on the darkening of his skin. He knew 
of no diabetes in his family. He had never been jaundiced. 

The urine contained 4 plus sugar but no acetone, and the fasting blood sugar the day after 
admission was 307 mg. per cent. Hemoglobin was 100 per cent; white blood cells, 6,100 with a 
normal differential count. Bromsulfalein test done on Alay 2, using a dose of 5 mg. per kilogram 
of body weight, showed no retention of dye in forty-five minutes. 

The patient was placed on the same diet he had been receiving, and dosage of 30 units of 
regular insulin before each meal was continued. Then, because of suspected liver disease, suj>- 
plementary feedings of skimmed milk and choline, 6.0 Gm. daily, were added. Dialxitcs remained 
well controlled. On May 2, the patient was changed to protamine zinc insulin and was soon regu- 
lated on 15 units of regular insulin and 50 units of protamine. He was allowed up and urged to be 
active. His diet %vas gradually increased, and his insulin was increased to 20 units of regular and 
60 units of protamine, \\4th the patient's increased activitv his diabetes became more difficult 
to control; on the same insulin dosage his blood sugar showed erratic changes, and some hypo- 
glycemic levels were found, although no frank reactions occurred. During this period, the patient 
appeared to be quite well and gained in weight from 111 to 123 pounds. There was no change in 
the size of the liver. The blood pressure, which had been low on hospital admission, had risen 
to 1 10/70 and was maintained at this level. 

On the night of May 29, the patient complained of a peculiar precordial fluttering sensation 
with some shortness of breath. Examination showed a tachycardia of 160 per minute with some 
irregularity which did not respond to carotid sinus pressure. With sedation the rate slowed and 
the ne.\t morning was 100, with occasional extrasystoles. Blood sugar on this morning was found 
to be down to 50 mg. per cent. He was given extra feedings of orange juice, and his insulin dosage 
was reduced. No subsequent hypoglycemia occurred. The patient, however, continued to com- 
plain of precordial fluttering and increasing shortness of breath. Electrocardiogram on May 31 
showed occasional ventricular premature contractions, low voltage of the QRS complex in all 
eads, deep S; and Sj, diphasic Ti and T., and inverted T4 (Fig. 1). These changes indicated 
myocardial disease and an old anterior infarction was suggested. 



TUCKER, JR., ET AL. : HEMOCHROMATOSIS 


995 


The patient became progressively more dyspneic. By June 1 it was apparent that the liver 
had become larger, and extended 5 cm. below the umbilicus. Distention of the neck veins was 
visible even "with the patient upright. The heart appeared to be enlarging. The rate remained 
around 100 with more frequent extrasystoles. No murmurs or rubs were heard. The blood pres- 
sure fell to 90/55. The lungs remained clear. Quinidine, 3 grains every four hours, was begun. 
The rhythm became more regular, but dyspnea, orthopnea, and evidence of right heart failure 
became more pronounced. On June 3, the neck veins were grossly distended, and with the patient 
recumbent, one vein in the left side of the neck became enlarged to the size of an egg. The heart 
appeared enlarged to both left and right. The sounds were audible, but weak. The second 
pulmonic sound was accentuated, but no other abnormal sounds were heard. Blood pressure 
varied between 90/70 and 80/60. 


1 ' (o- 5- 



Fig. 1. — Serial electrocardiograms. On May 31, 1946, ventricular premature contractions were 
pre.scnt but do not show on the segments reproduced here. Note the development of complete sirio- 
auricular block in the tracing of June 5, 1946. 


Pericardial effusion was suspected. Fluoroscopy and films were taken (Fig. 2). The heart 
was enlarged in all dimensions. Cardiac pulsations were visible, but of small amplitude. Films 
m the supine position revealed a peculiar widening of the mediastinal shadow which was difficult 
to interpret. Atelectasis of the right lower lobe with* elevation of the right diaphragm was also 
demonstrated. 

Pericardiocentesis was attempted through the xyphoid approach, but no fluid was obtained. 
Various diagnoses were considered, including acute cor pulmonale, myocardial infarction, right 
auricular thrombus formation, and others. The consensus, however, was that the patient was 
suffering from some type of diffuse myocardial disease with failure predominantly of the right-sided 
type. Hemochromatosis involving the myocardium was considered to be a likely factor, but some 
other acute process was thought to be present as well. Digitalis was withheld because it was con- 
sidered to be of little value in this type of failure and potentially dangerous in an already irritable 
heart. The patient was kept propped upright in an oxygen tent, Karell feedings were given. 
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and Mercupurin was given for diuresis. Quinidinc was continued. Regular insulin was given in 
sufficient amounts to prevent ketosis, Init the diabetes was not strictly controlled. I^arge doses 
of thiamin were given empirically. 

The patient showed no response to these measures, and his condition became steadily wonse. 
The neck veins remained distended, the liver enlarged, and sacral and ankle edema developed. 
The lungs remained clear throughout. 'I'he patient remained afebrile and conscious until termin- 
ally. The pulse rate remained peculiarly slow, not c.\ceeding 100 per minute, and was fairly 
regular until the end. However, airdiac action appeared to become weaker. Subsecpicnt electro- 
cardiograms showed low voltage and slurring of QRS complcx'c.s, return of upright T waves, 
and the development of sinoauricuiar block (Fig. 1). 'Hie peripheral pulse became more feeble, 
blood pressure dropped, and cyanosis developed. The patient died on June B. 



EiK. 2. — Erect and suj iiie clirst films taken at -l-l-incli tnrKct distance. Fee 

t(Xl for <liscus>ion. 


Autopsy Findings .* — The skin had a markedly yellow color, witli a large number of frecklclike 
pigment spots over the entire body. The pleural cavities contained 700 c.c. of turbid yellow fluid 
in the right side and 400 c.c. in the left. The peritoneal cavity contained 1,000 c.c. of similar 
fluid. The lungs showed atelectasis of the right lower lobe and of the posterior portion of the 
left lower lobe. No obstruction of the bronchi or of the pulmonary vessels could be found. 

The heart was dilated to a remarkable c.vtent, fdling approximately one-half of the anterior 
chest area. All chambers were dilated, particularly the right atrium which formed a large bulge 
on the right margin. The heart muscle was of a peculiar coppery brown color, and was thin and 
flabby. Small ante-mortem thrombi were present in the tip of the right auricular appendage and 
in the tip of the left ventricle, adherent to the endocardium. There was no evidence of infarction 
of the myocardium. The coronarj' vessels were patent. The heart valves were normal. The 
pericardial cavity contained only 15 c.c. of yellow fluid. The aorta, pulmonary vessels, and venae 
cavae were dissected out and showed no thrombosis. There was remarkable dilatation of the 
superior vena cava and of the jugular veins. 

The spleen weighed 275 grams. It was soft and dark red with a congested firm pulp on sec- 
tion. The liver was very large, weighing 3,300 grams. It was coppery brown in color and its surface 
^owed a coarse, granular appearance. On section, the dark brown color e.xtendcd throughout, the 

Autopsy was done by Dr. George Z. tVilliams two hours after death. 
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Fis. 4.— Myocardium, showing iron granule deposits in muscle fibers. (Iron stain, X180). 
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consistenc}' was firm, and interlobar markings were accentuated. The gall bladder and ducts 
appeared normal. The pancreas was small, weighing 100 grams, and was of a chocolate brown 
color. Lymph nodes in the region of the liver and pancreas were also chocolate brown in color. 
The kidneys, adrenal glands, and gastrointestinal tract appeared normal on gross examination 
and section. 

Microscopic Examination . — Sections of the heart (Fig?. 3 and 4) showed marked swelling 
of the muscle cells and considerable irregularity in the amount 'of connective tissue between the 
muscle bundles. Individual cells were lost and replaced by connective tissue, but no dense fibrosis 
was seen. The nuclei of the surviving cells varied considerably in size. The cytoplasm of the 
muscle cells was light-staining and markedly granular with much space between the fibril granules. 
Many of the muscle cells contained much greenish brown, fine dustlike pigment. Iron stains 
showed this pigment to give a positive Prussian blue reaction. In the connective tissue between 
the muscle cells and bundles, there were numerous endothelial-type cells and othci phagocytes, 
which also contained clumps of brown pigment yielding a jrasitive reaction to iron stains. The 
vessels of the heart were not remarkable. 

Sections from the atelectatic areas of the lungs showed complete alveolar collapse. Sections 
from other areas showed congestion and some heart failure cells, which gave the iron-positi%-e stain- 
ing reaction. Aside from these cells, no pigment deposition was seen. 

Marked congestion of sinusoids and pulp of the spleen was present. Prussian blue staining 
revealed large amounts of iron pigment in both the endothelial cells and the connective tissue. 
In the lymph nodes there was marked pigmentation of the rcticulo-cndothelial cells and also of the 
elastic tissue of the media of adjacent blood vessels, giving a positive iron stain. 

In the liver there was moderate increase of the connective tissue in the portal areas with dis- 
tortion of the lobules caused by regenerating liver cells. The liver cells were diffusely infiltrated 
with large amounts of greenish brown pigment which gave a positive iron stain. Many of these 
cells showed sjvelling and other degenerative changes. Pigment was conspicuously scanty 
in the areas of regenerating liver cells. Pigment deposits were heavy in the Kupffer cells of the 
sinusoids. 

In the pancreas there was considerable fibrosis in the septa encroaching on the lobules. 
The islands of Langerhans were conspicuously decreased in number and those remaining were 
either atrophic or moderately hypertrophic. Iron pigment deposits were heavy in the connective 
tissue and within the islet cells in fine granular form. 

There were marked iron pigment deposits in the cortical cells and less marked fine, dusty 
deposits in the medullar)' cells of the adrenals. No degenerative changes of the adrenal cells 
were seen. In the kidneys the glomeruli were normal. Small amounts of iron pigment were seen 
in the epithelial cells of the Henle loop tubules. 

In sections of the skin small amounts of iron pigment were seen in the basal layer of the 
dermis and in the subcutaneous glandular structures. 

The final pathologic diagnoses were: (1) hemochromatosis with marked iron deposition and 
pigmentation in heart, liver, lymph nodes, adrenal, and p;increas; (2) acute cardiac dilatation 
due to muscle atrophy and edema; (3) pulmonary atelectasis; and (4) marked visceral congestion. 


DISCUSSION 

Hemochromatosis became clinically evident in this patient at an unnsuall}’ 
early age. In Sheldon’s^ series of cases, only 8 per cent of the patients were younger 
than 35 years. In most of these, hemochromatosis was discovered only at post 
mortem, the patients having died of some other cause. It is of interest that the 
French authors”-’'* who describe the "syndrome endocrino-hepato-cardiaque” 
believe that it occurs at an age definitely below the average for most patients 
with hemochromatosis. 
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The diabetes of this patient was rapidly progressive, and he exhibited a 
narrow margin of balance between excessive glycosuria and hypoglycemic re- 
actions. This is considered characteristic of the diabetes of hemochromatosis.^® 
The instability of the blood sugar is generally attributed to the co-existing 
•liver cirrhosis with impairment of the ability of the liver to store glycogen. 

The type of heart failure that this patient showed is of interest. Failure 
was acute in onset, rapidly progressive, and predominantly right sided. The 
widened mediastinal , shadow was apparently due to enormous dilatation of the 
vena cava and its tributaries. At autopsy, all chambers of the heart were dilated, 
but particularly those on the right. The myocardial pigmentation and degen- 
eration involved all the heart muscle diffusely. We believe that this patient had 
total heart failure, with the clinical effects chiefly apparent on the right side be- 
cause of the relative anatomic weakness of the right ventricle as compared to the 
left. This type of total heart failure is seen in beriberi^® and in severe cases of 
acute rheumatic myocarditis.^'^ In the other cases of hemochromatosis with. 
heart failure which we have reviewed, the failure has been more often right sided, 
but in many, both right- and left-sided failure have occurred. 

Hypoglycemia was undoubtedly a factor in initiating heart failure in our 
patitent. However, failure was severe and progressive after the blood sugar had 
returned to normal. We do not believe that a temporary episode of hypo- 
glycemia, not severe enough to produce clinical shock, could produce irrever- 
sible changes in normal heart muscle. In heart muscle already damaged nearly to 
the limit of functional capacity, hypoglycemia might well tip the scales to the 
point of failure. 

Digitalis was not used in our patient. It seemed of questionable value in 
such acute and generalized failure, and potentially dangerous in an already 
irritable heart. In some of the reported cases of heart failure in hemochroma- 
tosis, digitalis has been temporarily effective,^ but in the majority of these 
patients, it has proved of no value.^-^^-^^'^® 

Petit^ has called attention to the frequency of cardjac arrhythmias when 
the heart is involved in hemochromatosis. In the t\venty-one cases that we 
have reveiwed, complete heart block is described four times,“’^'F paroxysmal 
auricular tachycardia twice,®’® and auricular fibrillation once. Many of the 
other patients exhibited frequent extrasystoles. 

The French authors” do not believe that heart failure in hemochromatosis 
can be attributed to damage to the heart muscle caused by pigment. They call 
attention to the frequency with which extensive pigment deposition in the 
heart is seen without heart failure. They have advanced the hypothesis that 
heart failure is caused by some unknown type of endocrine disturbance” or, 
more specifically, by adrenocortical deficiency.” However, in all the cases re- 
ported in the English literature, extensive myocardial damage has been described, 
presumably • resulting from pigment deposition. Althausen and Kerr^ found 
diffuse myocardial sclerosis; Blumer and Nesbit,® extensive fibrosis; Petit,^ areas 
of muscle atrophy and fibrosis; Bloom,® vacuolization and fibrillar lysis; and 
John,’ extensive fatty degeneration. Our patient showed extensive degenerative 
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changes as well as pigment deposition in the heart muscle. We believe that these 
changes are sufficient to e.xplain the cardiac failure. The adrenal glands con- 
tained pigment but showed no degenerative changes, and clinically, there was 
little to suggest adrenocortical insufficiency. The findings in our patient do not 
support the French point of view. We would agree with Blumer and XesbiF- 
that when pigment deposits in the myocardium become severe enough to pro- 
duce cellular degeneration, function is interfered with and heart failure can 
result. 

CONCLUSIONS 

1. A case of hemochromato.sis with death from heart failure is reported. 

2. The importance of myocardial damage in hemochromatosis is stressed. 

3. The clinical features of the heart failure and the mechanism of its pro- 
duction are discussed. 
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PAROXYSMAL TACHYCARDIA IN THE NEWBORN 

William E. Werner, M.D., Joseph Caplan, M.D., and 
Milton H. Morris, M.D. 

Far Rockaway, N. Y. 


A lthough tachycardia with very rapid ventricular rates is not common 
in infants and children, when it does occur it may menace the life of the 
infant and, therefore, demands prompt and sometimes vigorous treatment. 
Hubbard^ reviewed nineteen cases of paroxysm.al tachycardia in infants under 
one year of age and has reported nine cases in infants under eight months of age. 
Among sixteen patients treated with digitalis, there were fifteen who recovered 
and one who died as a result of proven sarcoma of the conduction system. FIow- 
ard^ reported a case of paroxysmal tachycardia in a 4-day-old infant who was 
treated with digitalis and recovered. Tarnower and Lattin® described two cases 
of, tachycardia, in one of which auricular flutter was present and in the other, 
atrioventricular tachycardia of nodal origin. The first case is of interest in that 
the rate varied from 140 to 225 per minute and was recognized before birth. 
The -tachycardia persisted after birth and electrocardiographic studies revealed 
auricular flutter with varying degrees of block. Taran and Jennings^ have 
described a case of paroxysmal atrioventricular nodal tachycardia in a newborn 
infant, and emphasize the rarity of this disturbance by pointing out that it 
occurred only four times in sixteen years at the Massachusetts General Hospital. 

We present the following case of a supraventricular tachycardia in a new- 
born infant, which produced alarming heart failure and was associated with a 
Streptococcus viridans infection in blood and urine. 

CASE REPORT 

R. W., a boy, was born at the Rockaway Beach Hospital July 3, 1946. The mother’s preg- 
nancy and labor were uneventful and the baby’s condition at birth was normal. Both parents 
and three siblings were alive and well. There were no significant familial diseases. The patient’s 
weight at birth was 8 pounds, 14 ounces. He was treated in accordance with the usual nursery 
routine. On the third day, the baby’s temperature was 101“ Fahrenheit. Examina'ion at this 
time was negative. The possibilitj' of dehydration fever prompted a hypodermoclj'sis. Twelve 
hours later, the infant became apathetic, the cry was feeble, and the respirations were shallow 
and rapid. For the first time cj^anosis was present. Exa’mination revealed a rapid heart rate, 
estimated to be over 200 beats per minute (Fig. 1). The rhythm was regular. Pressure over the 
carotid sinus brought an immediate response. The rate slowed to 130 beats per minute. With 
the slowing of the rate, the cyanosis disappeared and the respirations returned to normal. Ten 
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minutes later, the tachycardia recurred but carotid sinus pressure at this time failed to influence 
the rate. The cyanosis reappeared, basal rales appeared in both lungs, and the liver edge became 
palpable below the costal margin. Mccholyl, 0.1 mg., was given subcutaneously and had no effect 
on the rate. Digitalis was then given parenterally in the following schedule, one-half cat unit 
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Fig. 1. — Electrocardiograph taken three days after birth. Auricular and ventricular rates 2S0 per 

minute. Sign, of congective failure present. 

Fig. 2. Electrocardiogram taken thirteen days after birth. Auricular and ventricular rates 130 per 
minute. Normal sinus rhythm. No evidence of congestive failure. 


was given immediately. Four hours later, one-fourth of a cat unit was given. The latter dose 
was repeated four hours later. One-quarter cat unit was then given twice a day for four days. 
After one cat unit had been administered, the rate of the heart returned to norma! and the signs 
of congestive failure disappeared (Fig. 2). At the end of four days the digitalis was stopped and 
the heart rate remained normal. 
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The temperature could not be explained on the basis of the physical examination of the 
patient. A catheterized specimen of urine revealed numerous clumped pus cells. A pure culture 
ol Streptococcus viridans was grown from the urine. A blood culture also showed the presence of 
Streptococcus viridans. 

The patient was given 10,000 units of penicillin inlramuscularh- every three hours. Sulfa- 
diazine, 2 Gm. per pound of body weight per day was also given. The temperature returned to 
normal in twenty-four hours but the blood cultures remained positive for one week. The urine 
was free of pus but urine culture still showed the presence of Streptococcus viridans. At the end 
of one week, the penicillin was discontinued. Sulfadiazine was continued for four weeks, at the 
end of which time the urine cultures became negative. At this period the cardiac status was 
normal and the child appeared clinically well. The weight at this time was ten pounds. 

Blood chemistry showed the following values; nonprotein nitrogen, 40 mg.; sugar, 70 mg.; 
chlorides, 680 mg. ; and cholesterol, 165 mg. per 100 c.c. of blood. Intravenous pyelography was 
negative. X-ray stud 3 ' of the chest showed a slightly enlarged cardiac shadow. The lungs were 
clear. There was no evidence of an enlarged thymus. A blood count, made on Julj' 6, 1946, 
showed 14 Gm. of hemoglobin, 5,320,000 red blood cells, and 20,000 white blood cells. The 
differential count showed 47 per cent segmented and 10 per cent nonsegmented neutrophiles, 

6 per cent eosinophiles, and 37 per cent lymphocytes. On July 25, 1946, the blood count showed 
9 Gm. of hemoglobin, 21,450 white blood cells, and 3,180,000 red blood cells. The differential 
count showed 76 per cent segmented and 12 per cent nonsegmented polymorphonuclear neutro- 
philes, 1 per cent eosinophiles, and 11 per cent lymphocytes, .A. urinalysis done on July 11,' 
, 1946, was unimportant except for the presence of three to four red blood cells per high-power 
field and four to six white blood cells. Blood cultures made on July 9 and July 15. respectively, 
were positive for alpha Streptococcus viridans. A blood culture made on July 17 was negative. 
Urine cultures taken on July 15. and July 20 were positive for alpha Streptococcus viridans. On 
August 13, the urine culture was negative. 


DISCUSSION 

The nature of the tachycardia in this case cannot be positively identified. 
Auricular flutter with a 1:1 A-V ratio seems to be the most probable diagnosis. 
However, this condition cannot be positively established, nor can auricular or 
nodal paroxysmal tachycardia be eliminated. The only conclusions that can be 
drawn are that the tachycardia yvas not ventricular in origin and that it was 
dependent upon an ectopic rhythm; the latter seems to be v'ell established by 
the prompt response to digitalis. 

In spite of the uncertainty of the nature of the tachycardia, two facts stand 
oiit clearly: (1) the rapid ventricular rate produced a serious degree of heart 
failure and constituted a serious threat to life; and (2) the disturbance yielded 
promptly to digitalis. The use of digitalis in infants is not without danger.^-® 
We, therefore, used the drug in this case in what seemed to us to be a cautious 
and safe manner. 

A connection between the strep.to coccus infection and the tachycardia is 
difficult to establish. For this reason, the infection which yielded promptly to 
appropriate treatment has been presented as an incidental finding. The only 
fact. that suggests a more direct causative relationship of the infection to the 
tachycardia is the fact that there was no return of the tachycardia after the 
elimination of the infection. 
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Selected Abstracts 


Balter, E. C^: Clinical and Roentgenologic Evaluation of Venography. Am. J. Roent- 
genol. 58:603 (Nov.), 1947. 

One thousand twenty-seven venograms were done with Diodrast as a contrast medium 
without any severe reaction. Twenty cubic centimeters of opaque materia! were injected during 
three minutes or more through a 25 or 26 gauge needle. Venipuncture was made through the 
skin in any vein below the ankle. A tourniquet was used only to aid in visualizing the vein and 
was removed before the injection was made. Three sets of stereoscopic exposures were made. 
One set covered an area from the ankle to the knee; a second set, the area of the upper leg, knee, 
and lower thigh; and the third set, the area of the upper thigh and lower pelvic area. The first 
exposure was made after the injection of approximately 8 c.c. (forty to sixty seconds after the 
start of the injection). The other exposures in succession were completed approximately at the 
time tbb injection was completed. With each exposure the quantity injected and elapsed time 
from the start of the injection were recorded. 

Normal Subjects . — The greater portion of the contrast material enters the deep circulation 
fairly close. to the ankle. A smaller quantity spreads through the superficial veins demonstrating 
external veins to the knee; usually the greater saphenous is well visualized. Young persons have 
straight veins and the Diodrast passes more rapidly upward than in older people who have slightly 
tortuous or dilated veins. In numerous normal subjects who remain motionless in the recumbent 
position the Diodrast may remain in the deep veins for five to twenty minutes after the injection. 
Any muscular activity forces the contrast material immediately upward. 

Pathologic Findings . — In acute superficial block, the deep circulation is visualized up to the 
femoral fossa. The opaque material is seen in the superficial plexus to the site of the block. In 
another type of acute superficial block short lengths of straight, nondilated veins extend upward 
and apparently fade out. Two to four venograms showing the fading-out effect at same point 
should be done to confirm this finding. 

In chronic superficial block, the veins are dilated and tortuous and the passage of the opaque 
material is usually slow. Small connecting veins extend inward toward or outward from the deep 
circulation for 1.0 to 3.0 cm. and appear to end abruptly in the tissues. Certain areas of super- 
ficial circulation are not demonstrable. 

In acute partial or complete block of the deep circulation, definite evidence of acute super- 
ficial block is always demonstrable. The deep circulation of the involved area cannot be vis- 
ualized. 

In chronic block of the deep veins the deep vessels are partially or completely absent. The 
opaque material enters branches of the internal saphenous vein promptly, and by the time the 
region of the knee is reached all the contrast medium is returning upward through that vein. 
The entire saphenous vein is dilated and tortuous to the femoral fossa. Short lengths of com- 
municating veins emerge from the internal saphenous vein and fade out into the tissues. 

. ' Complete block of the entire deep circulation of the leg and thigh frequently shows large 
dilated superficial varicosities. 
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Thrombi product three types of shadows: In incomplete block, the head of the opaque 
column is usually concave; when the vein is incompletely obliterated a ragged, irregular area 
extending for a varying length is seen; finally, the opaque material may outline the walls and 
show a mass within the lumen. 

Satisfactory venographic information can be obtained in probably 60 to 90 per cent of cases. 
Discontinuation of the study too soon in pathologic cases or improper timing of the exposures 
may possibly account for the greater percentage of failure to obtain adequate information. Blocked 
vessels or other roentgen findings account for additional failures. 

Zion. 

O’Loughlin, B. J.: Roentgen Vi.sualization of the Inferior Vena Cava. Am. J. Roent- 
genol. 58:617 (Nov.), 1947. 

The author outlines a simple and safe procedure for visualizing the inferior vena cava. No 
serious ill effects were encountered in fifty consecutive cases. The patient is prepared in a man- 
ner similar to that used in intravenous urography. Sphygmomanometer cuffs are placed about 
the thighs as proximal as possible, leaving room for femoral venepuncture. The pressure in the 
cuffs is adjusted to diastolic pressure or slightly higher. Twenty cubic centimeters of a 35 per 
cent Diodrast solution are injected through a 18 gauge needle on the side selected. The rate of 
injection is approximately 1.0 c.c. per second. The usual kidney-ureter-bladder exposures are 
made outlinging the common iliac veins and inferior vena cava. Having the patient hold his 
breath during the exposure and injection tends to make the blood column move more slowly and 
smoothly. A Valsalva effort may reverse the flow sufficiently to outline the branches of the iliac 
veins. The removal of the cuffs releases the dammed-up venous .blood from the lower extremities 
and may wash out or dilute the slightly thrombogenic influence of the Diodrast. 

Zion. 


L’Farinas, P.: Abdominal Venography. Am. J. Roentgenol. 58:599 (Nov.), 1947. 

The author described a technique of abdominal venography. Under local anesthesia the 
long saphenous vein is exposed b}' a small incision at the inner portion of the middle third of the 
thigh. A tourniquet at the groin permits better visualization of the vein which is then punctured 
with a small trocar. The tourniquet is released and 40 c.c. of Diodrast is rapidly injected into 
the vein. Two 14 by 17 inch film exposures of the abdomen are made. The first was made when 
20 to 25 c.c. of the opague material has been injected and the second immediately after the com- 
pletion of the injection. Normal venography visualizes the femoral, external, common iliac veins, 
and the inferior vena cava. Compression of the epigastric region with an inflated balloon may 
permit visualization of the renal, hepatic, and internal iliac veins. 

Indications for abdominal venography are; (1) obstruction or thrombosis of the inferior 
vena cava; (2) abdominal tumors, especially renal neoplasms where intravenous urography is 
indicated; (3) liver conditions that lead to portal hypertension with the possibility of a portal 
vein-vena cava anastomosis in order to determine the integrity of the vena cava. 

In thrombophlebitis the site of obstruction of the vessels can easily be demonstrated. In 
tumors that compress and displace the inferior vena cava and common iliac veins, the site of 
compression and displacement together with the establishment of collateral circulation can be 
demonstrated. 

Zion. 

Wliite, P. D.; The Management of Hypertension. Ann. Int. Med. 27:740 (Nov.), 1947. 

This is a brief reveiw of therapeutic methods which have proved to be of some value in the 
management of hypertension. There is a short summary of the value of education of the patient 
concerning the true meaning of an elevated blood pressure and of the effectiveness of vacations, 
a regulated mode of living, mental relaxation, physiotherapy, and intensii'C psychotherapy. 
The importance of restriction of tobacco, coffee, and tea is stressed. The use of the low-salt 
diet or the strict rice diet is looked upon favorably. Aside from the sedation accomplished by 
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bromides or plienobarbitol, drugs seem to occupy a small place in the management of hyper- 
tension. It is too early to decide upon the merits of the newer sympatheticolytic drugs, such 
as tetraethyl ammonium and Priscol. Of the surgical approaches, the extensive lumbodorsal 
sympathectomy advocated by Smithwick has proved to be worth while in about 75 per cent of 
the properly selected cases; 

Wendkos. 

Ray, C. T., and Burch, G.: Vascular Responses in Man to Ligation of the Inferior Vena 

Cava. Arch. Int. Med. 80:587 (Nov.), 1947, 

The authors investigated the circulatory adjustments in twelve patients following ligation 
of the inferior vena cava in the treatment of pelvic thrombophlebitis. In all instances but one, 
there was an elevation in venous pressure in the lower extremities and a gradual decline toward 
normal in the subsequent years of observation. A tendency for the plasma protein content to 
increase was also noted after ligation. 

With regard to clinical observations, no diminution in functional capacity was observ'ed, 
nor was any intermittent claudication experienced. The severity of the edema varied from mild 
to extreme, disappearing within two months after operation in all cases but three. For the most 
part, the large veins of the legs and feet were not dilated, and no demonstrable varicosities were 
noted. Some small varicosities were present in the cutaneous veins. The superficial veins of the 
abdominal wall and gluteal region and also the long thoracic veins were dilated, forming an 
unusually prominent network. 

The authors concluded that remarkable readjustments occur in the lower extremities after 
ligation of the inferior vena cava. The fact that the edema disappeared at a time when the 
venous pressure in the lower extremities was still considerably elevated appeared to support the 
view that hydrostatic intravascular pressure, per se, plays a relatively unimportant role in edema 
formation, and that as long as only the hydrostatic pressure is increased, compensatory mechan- 
isms develop to a high degree. 

Abramson. 


Magner, T)., and McKenzie, H. F.: Cystic Mcdionecrosis of the Aorta. Arch. Path. 
44:485 (Nov.), 1947. 

The authors report a case of large, fusiform aneurysm of the ascending arch of the aorta in a 
23-year-old man in whom death occurred as a result of perforation into the pericardial sac with 
resulting tamponade of the heart. The patient, first seen two years previously because routine 
x-ray examination revealed a large mediastinal mass, had had no relevant past medical history, 
except that af the age of 18 years, after playing hockey, he had had severe retrosternal pain for 
three days. There was no traumatic incident. Repeated x-ray examinations showed a gradual 
increase in the size of the mediastinal mass, which was seen to pulsate in the fluoroscopic exami- 
nation. Serologic tests were negative and the patient worked in good health for three years 
following the initial discovery of the aneurysm. 

A few days after a bronchoscopy which showed pulsation in the trachea, the patient collapsed 
and died with a perforation of the aneurysm into the pericardium. Unfortunately, no blood pres- 
sure record was obtained. Laboratory data revealed nothing of note. 

At necropsy the heart was found to be of normal weight an^ showed no abnormality. The 
aortic valve leaflets were described as normal, despite the close proximity of the aneurysm, which 
involved the ascending and transverse portion of the arch. Detailed histologic examination re- 
vealed characteristic changes of cystic medionecrosis and excluded syphilis as an etiological 
factor. The authors comment on the complete lack of knowledge of the origin of this lesion. 

Goulev. 
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Kobernick, S. D.: Gumma of llic Coronary Arlcry, Myocardial Infarction and Gumma 

of the Heart. Arch. Path. 14:490 (Nov.), 1947. 

The author presents the first recorded case of myocardial infarction due to coronary^ throm- 
bosis secondary to syphilitic gummatous coronary arteritis. He emphasizes the generally known 
fact that syphilitic aortitis often narrows and sometimes closes the coronary orifices, and that 
syphilitic coronary arteritis seldom involves more than the first centimeter of the two main 
arteries. 

This unique case was that of a 44-year-old white man, serologically positive, with signs of 
aortic regurgitation, who was hospitalized because of severe epigastric pain accompanied by 
sweating. The, heart sounds became distant and a gallop rhythm was present. The electrocardio- 
gram showed evidence of an acute posterior myocardial infarction. Death occurred on the day 
after admission. 

Autopsy revealed an enlarged heart with hypertrophy of the left ventricle associated with 
syphiliticaortitis and aortic regurgitation. Multiple aneurj'sms were noted in theaorticarch. Gum- 
matous masses were found in the pulmonary conus and the pulmonary artery. A necrotic de- 
generation in the upper portion of the posterior wall of the left ventricle which extended into 
the adjacent ventricular septum was microscopically a myocardial infarction. Examination of 
the nutrient artery, namely, the right coronary, showed marked narrowing beyond its orifice 
for 2.0 cm. by eccentric grey-white thickening of the vessel wall. The narrowed lumen was com- 
pletely blocked with red-brown thrombus. Microscopically the arterial thickening was found 
to be a gumma, involving the adventitia and the media, and extending into the intima. The 
accompanying photomicrograph shows a tj'pical coagulative necrosis (gumma) involving the 
entire thickness of the wall of the right coronary artery. 

Gouley. 

Wagner, F. B., Price, A. H., and Sorenson, P. C.: Abdominal Arteriography. Am. J. 

Roentgenol. 58:591 (Nov.), 1947. 

. The patient is prepared by enemata in the morning of the examination and food is withheld. 
Preanesthesia medication of morphine and atropine is given forty-five minutes before the pro- 
cedure. A preliminary exposure of the abdomen is made to check proper ejeansing of the colon 
and correctness of the exposure factors. The patient is lightly anesthetized \yith 2.5 per cent 
pentothal sodium solution. A second anesthetist administers o.xygen from a gas machine. 

A special aortic puncture needle, 18 gauge and at least 15 cm. in length (malleable needle), 
is used. Antiseptic preparation of the back is done in the usual manner. The skin is pierced just 
below the left twelfth rib, four fingerbreadths from the spinous process. The needle is directed 
anteriorly, medially, and cephalically toward the body of the twelfth vertebra until bone is en- 
countered. The needle is then withdrawn 2.0 cm. and the point directed more laterally so as 
just to slip by the body of the vertebra. The stilet is removed and the needle advanced cautiousl}”^ 
into the aortic lumen. (When the aorta is pierced there is a sensation similar to that encountered 
in piercing the dura in spinal puncture.) .After the needle has entered the aorta it is advanced 
an additional 0.5 centimeter. A pulsating drip of bright red blood rather than spurting is en- 
countered. The needle is connected to two feet of rubber tubing and a Luer-lock syringe. Alter- 
nating injection of saline and withdrawal of blood are performed in order to assure proper func- 
tion of apparatus and correct position. 

A trial injection of 12 c.c. of saline solution is performed. If the test is satisfactorj', 12 c.c. 
of 80 per cent sodium iodide solution is injected at the rate of 2.0 c.c. per second. The roentgen 
exposure is made as the last 1 to 2 c.c. are leaving the syringe. The needle is immediately with- 
drawn following the exposure. * 

The sodium iodide is freshly prepared and sterilized the day preceding the examination. 
A /O per cent Diodrast solution has proved to be unsatisfactory. Following the examinations, 
one liter of 5 per cent glucose in normal saline solution is administered through the intravenous 
anesthesia needle. After two hours the patient is allowed a regular diet and walking is per- 
mitted if there are no other contraindications. No untoward reactions have occurred in a series 
of twenty-six cases. 
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For visualization of the celiac axis and branches, puncture is best performed at the twelfth 
dorsal vertebra. For visualization of the renal vessels, aortic puncture should be made one 
vertebra lower. For the iliac vessels and branches, puncture may be performed at the level of 
the second or third lumbar vertebra. Puncture at the lower levels is more difficult and it is neces- 
sary to enter the skin at si.x fingcrbrcadths from the spinous process. 

Aneurysms and aortic occlusions arc well demonstrated by this procedure. The method 
also lends itself .to e.xccllcnt vi.sualization of the iliac and femoral arteries. Abdominal aortog- 
raphy is also of value in tlie diagnosis of certain abdominal tumors, particularly retroperitoneal 
masses of renal or adrenal origin. 

Zion. 


Katz, L. N.: A Survey of Recent Develojnuenl.s Concerning the Concepts of Coronary 

Disea.«e and Its Management. Ann. Int. Med. 27:705 (Nov.), 1947. 

The prognosis and management of coronary insufficiency depend on a knowledge of the 
natural history of coronary disease and of the factors involved in the control of the coronary 
circulation. Coronary sclerosis leads to ill effects b\' handicapping the adjustments of coronary 
vcs-sels to the needs of the heart for varying amounts of blood flow. There arc compensatory 
blood channels (the intercoronary communic'ations, arteriovenous anastomoses, Thebesian ves- 
sels, atid extracardiac collaterals) which enlarge and take over the supply of blood to the region 
whose coronary arten." is occluded or narrowed. The adequacy of this auxiliary blood supply 
depend.s most of all upon the rapidity of the narrowing of the coronary arteries. 

.•\ge is of some imfiortature because the coronary arteries are more nearly end arteries func- 
tionally in the young than in the old in whom these auxiliary channels have had time to develop. 
In the present state of our knotvledge. it i.s not yet jti.stified to advocate a cholesterol -poor diet in 
man in the hope of retarding atherosclerosis because there is reason to believe that endogenous 
chole.sterol produced even on a cholesterol-poor diet may still lead to atherosclerosis. 

Other factors bcside.s the architecture of the coronary- vessels arc involved in determining 
the adc(}iiacy.of coronary flow. 1 1 is for this reason that the term coronaiy insufficiency to express 
an inadequate coronary flow has been created and has gained wide vogue recently. 'Fhe dynamic 
or physiologic concept sena-s a useful purpose in tlml it permits the clinician to judge whether 
the coronarx' system is able to nourish the heart adequately. Coronary insufficiency, therefore, 
is really to be expre>scd in terms of relative insufficiency. Coronary insufficiency may be focal 
or generalized, transitory or proiracted. '['he transitory and the protracted forms of coronary in- 
sufficiency arc often siqKTimposed upon chronic coronary insufficiency and may be the terminal 
event. Focal coronary insufficiency is more likely to lead to myocardial infarction, wliile general- 
ized insufiicienev is more likely to lead to chronic or acme heart failure. 

Except in the subendocardial layers of the ventricular myocardium, coronary blood flow is 
increased during the phase of canliac systole. There is also a direct relationship between coro- 
nary flow and the cardiac output. Tlii.s relationship is unaffected by the change in blood pressure. 
The role of vasomotor influences in altering the caliber of the coronary vessels is also discussed, 
and the author makes a special point of emphasizing that tlic vagus nerv'C is not a coronary con- 
strictor but rather a coronary dilator. It is his opinion that vasoconstriction of neurogenic 
origin results from symiiathetic overstimulation and not vagal ovcractivity. For this reason he 
questions the value of atropine sulfate in the treatment of acute myocardial infarction or acute 
pulmonary embolism. The author refers to experimental work which indicates that the nitrites 
and papaverine are the most powerful coronary dilators, whereas xanthines are very much weaker. 
He, also observes that potassium in large doses, Pitressin, and foreign species of blood are powerful 
vasoconstriclor.s. The .significjuice of electrocardiographic changes which follow a standard ex- 
ercise test in so far as it relates to the diagnosis of coronary insufficiency is briefly discussed. 
The factors and mechanisms responsible for pain in coronary artery disease are amply reviewed, 
and the importance of such knowledge in relation to the diagnosis of coronary artery disease is 
emphasized. In the discussion concerning prognosis, it is pointed out that about one-fifth of the 
patients with recent myocardial infarction died during their hospital stay; that the average ex- 
pectancy of life following an infarct is five 3 'ears, but that the scatter is quite large and some 
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patients have lived very comfortably for over twenty years following an infarction. The factors 
which determine the prognosis in redent myocardial infarction and in other forms of coronary- ar- 
tery disease are admitted to be still poorly understood and, therefore, make it impossible to prog- 
nosticate accurately in any given patient. It is pointed out that those patients who develop a 
marked drop in blood pressure or go into shock have a poor prognosis and that the development of 
congestive heart failure or the presence of diabetesadds to the gravity of the outlook. The author 
recognizes that many people have had infarcts without any symptoms, without any special 
medical care, and the evidence of this was written in their hearts and revealed at necropsy 
sometime later when they died of some other circumstance or of a new infarction. He con 
eludes that infarction is statistically more benign than is generally appreciated, that it is a self- 
limited disease, and that it is a process which by the time the clinician sees the case, is already a 
matter of convalescence, that four of five patients will survive the episode, and that most of 
them will have little if any handicap. Some will develop chronic coronary- insufficiency, but 
•others will be completely restored and will have, at most, only the psychological fear that all lay- 
people and too many- phy-sicians attach to coronary episodes. In the concluding portion of the 
paper, there is a lengthy discussion based on modern physiologic concepts, concerning the treat- 
ment of patients v-ith the manifestations of acute and chronic coronary- insufficiency. 

Wendkos. 

Rich, A. R., and Gregory-, J. E.; E.vperimcntal Anaphylactic Lesions of the Coronary- 

Arteries of the “Sclerotic” Type, Commonly Associated "With Rheumatic Fever and 

Disseminated Lupus Erythematosus. Bull. Johns Hopkins Hosp., 81:312 (Nov.), 1947. 

Forty-five rabbits were sensitized to horse serum in a manner known to be favorable to the 
production of the serum sickness ty-pe of protected anaphylactic reaction both in man and rabbit, 
namely, the intravenous injection of large amounts of the antigen. A group of eighteen male albino 
rabbits, weighing approximately 200 grams each, were kept as controls. Male albino rabbits, 
averaging about 2 kilograms in weight were used in the experiments. Sterile horse serum without 
preservative was injected into the ear vein in a dosage of 10 c.c. to 15 c.c. per kilogram. Seven of 
the forty-five animals received only a single injection; Uventy-five received two injections; and 
thirteen received five to ten injections at various intervals. The animals were killed at periods be- 
tween 17 and 364 day-s following the first injection of serum, and the coronary arteries were studied 
in appropriate sections of the heart. 

All of the animals in which lesions of the coronary arteries were found at autopsy had de- 
veloped the serum sickness type of reaction (fever, erythema) following one or more of the intra- 
venous injections of serum, but arterial lesions were not found in all animals which had exhibited 
this type of reactipn. Eighteen of the forty--five sensitized rabbits developed lesions of the coronary 
arteries of the type familiar in rheumatic fever. Three of the eighteen that developed the coronary- 
lesions had received only- one injection of horse serum; thirteen had received two injections; one had 
received five, and one nine injections. No lesions of the coronary arteries were found in any of the 
control animals. Fibrotic intimal lesions, similar to those occurring in the coronary- arteries, were 
found in peripheral arteries of some of the sensitized animals. 

These authors make the point that the same ty-pe of "sclerotic” lesions of the coronary arteries 
which are •obser\-ed in disseminated lupus erythematosus, in rheumatic fever, and in periarteritis 
nodosa were also found in the animals subjected to experimental serum sickness. 

Bellet. 


Ruzicka, E. R., and Nicholson, M. J.; Cardiac Arrest Under Anesthesia, J.A.M.A. 135:622 
(Nov. 8), 1947. 

In the past five years the authors studied nine cases of cardiat arrest, which occurred 
under anesthesia. The following factors were considered to be of etiological significance in the 
production of cardiac arrest: The ability of cyclopropane, chloroform, and ethyl chloride to sensi- 
tize the heart to epinephrine; excitement also causes an outpouring of epinephrine into the cir- 
culation; barbiturates given intravenously and cy-clopropane exhibit a parasympathetic effect on 
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the heart; stimulation of the vagus nerve may cause a powerful inhibitory effect on the heart. 
It is likely that one or, more of the aforementioned factors is present in every instance of sudden 
cardiac arrest during anesthesia. The authors point out that treatment to be effective must begin 
within three to five minutes after cardiac arrest. They present the'following plan of action ; (1) The 
anesthesiologist must immediately begin artificial respiration with 100 per cent oxygen. (2) The 
.surgeon must begin cardiac massage immediately. (3) Drug therapy consists of the use of two 
drugs: procaine and epinephrine. (4) General methods of treatment include the intravenous ad- 
ministration of fluids and the institution of 5 to 10 degrees of Trendelenburg position. 

In the authors’ series of nine cases the heart was revived in every instance. There were three 
complete recoveries and one apparent recovery but with death of the patient on the second 
postoperative day from acute cardiac failure. Although cardiac activity w^as resumed in the re- 
maining five cases, none of the patients regained consciousness. Ventricular fibrillation is 
reported to be the most frequent complication occurring in cardiac resuscitation, and is fatal unless 
quickly corrected. This is first attempted by cardiac massage; another method is by electrical 
countershock. Death often occurs during the period of one to fifteen days after operation. During 
this time these patients show every evidence of damage to the brain. Many times the gross patho- 
logic changes are the result of rough or forceful cardiac massage. Those patients who recover have 
a constant loss of memory for events twenty-four hours previous to operation. The repealed inci- 
dence of normal survival appears to be 10 per cent or less in cases of cardiac arrest. The normal 
survival rate in the author’s experience is approximately 33.33 per cent. 

Bellet. 


Sliumacker, H. B. J.; Surgical Cure of Innominale Aneurysm: Report of a Case With 

Comments on the Applicability of Surgical Measures. Surgery 22:729 (Nov.), 1947. 

This author found in the literature reports of thirty-seven attempts on direct operative attack 
on aneurysms of the innominate artery. Onl)' nineteen patients survived and not all of them have 
been cured. There are several difficult aspects to the surgical management of this lesion, one of the 
most serious being the matter of exposure. Shumacker employed a sternum-splitting incision, sup- 
plemented by subperiosteal resection of the medial third of the right clavicle, which allowed excel- 
lent visualization of the aneurysm and the great vessels. 

The ideal treatment of proximal and distal ligation of the main artery with excision or oblitera- 
tion. of the sac has been accomplished in three cases. The next procedure of value, which was em- 
ployed in four cases, is ligation of the proximal artery (innominate) and distal arteries (subclavian 
and carotid) which is somewhat less hazardous to carry out. Of the seven patients, six were cured 
and one died eight years later, of recurrence and hemorrhage due to rupture. 

There are several important points in the management of these cases: (1) in order to lessen 
the danger of a cerebral complication, repeated testing of the patient’s ability to withstand pro- 
longed carotid compression is valuable. (2) Although no incident of gangrene of the hand has been 
observed, the author noted that in his case temporary complete occlusion of the innominate artery 
resulted in a cold, pale, apparently bloodless hand. For that reason he partially occluded the in- 
nominate artery with a strip of fascia, and a band of cellophane was wrapped around the vessel. An 
upper thoracic .sympathectomy was performed six weeks later which improved further the collat- 
eral circulation to the right hand. Because the bruit returned in full and the oscillometric reading 
in the right arm returned to a normal level, it w'as felt that the band around the artery had given 
way. Therefore, three and one-half months after the first procedure, Schumacker again opened the 
mediastinum and carried out proximal ligation of the innominate artery and distal ligation of the 
subclavian and common carotid arteries. The innominate, jugular, and subclavian veins w'erc 
also ligated and excised. The aneurysmal sac was opened and the laminated thrombus was re- 
moved. The patient has remained entirely well for eighteen months with only slight fatigability 
and weakness of his right hand. 


Lord, 
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Cooper, F. W., Jr., Robertson, R. L., and Dennis, E. W.: The Use of Tclraelbylam- 

monium Chloride in the Treatment of Experimental Acute Arterial Insufficiency. 

Surgery 22:740 (Nov.), 1947. 

The authors carried out resection of the distal aorta including the common iliac arteries and 
the deep circumflex iliac vessels in thirty dogs. In the control group of ten dogs, nine of the animals 
died within seven days of the operation. Autopsy showed that death was not due to hemorrhage 
or peritonitis. .All of the animals experienced hindlimb paralysis, coldness, cj'anosis, and varying 
degrees of swelling. In the group of twenty dogs treated with tetraethylammonium chloride, fourteen 
of the animals survived. These animals regained excellent functional activity within two to six 
days. Three of the six dogs which died had as their cause of death infection of a posterior extremity. 
One of the remaining animals died within twelve hours of the operation. 

The tetraethylammonium chloride was administered intramuscularly, in doses of 25 mg. per 
kilogram of body weight immediately after excision of the arteries and was continued post- 
operatively at eight-hour intervals for three daj'S. 

The authors conclude that sympathetic interruption following an acute arterial injury is a 
valuable procedure and that tetraethylammonium chloride may be of value'either as a substitute 
for other methods of sympathectic interruption or as a preliminary to them. 

Lord. 

Davis, H. A., and King, L. D.; A Comparative Study of Thromboangiitis Obliterans in 
Wliite and Negro Patients. Surg., Gynec. & Obst. 85:597 (Nov.), 1947. 

The authors reviewed the literature with regard to the presence of thromboangiitis obliterans 
in the Negro race and pointed out that in only one of the ten reported cases could the patient be 
considered to be a full-blooded Negro. In their own series of sixty-four cases of thromboangiitis 
obliterans, nine were Negroes and in four of these pathologic examination verified the clinical 
diagnosis. However, it was established in at least one of them, a woman, that she was not a full- 
blooded Negro. With regard to the others, this point was evidently not investigated. The authors 
found that nonsurgical treatment was conspicuously less successful in Negro than in white patients. 

ABR.A.MSOX. 

Gold, Harry, Kwit, N. T., IModell, W., Hanlon, L. W., Kramer, M., Greenberg, S., Otto, 

H. L,, Cotlove, E. W., Benton, J. G., Pearlmulter, M., and Zabn, W. : A System for 

the Routine Treatment of the Failing Heart. Am. J. Med. .3:665 (Dec.), 1947. 

The authors propose a standardized regimen for the treatment of cardiac failure. It inv'olves 
five cardinal factors; the simultaneous use of the mercurial diuretics, salt restriction, abundant 
water, digitoxin, and the charting of the course by a record of the body weight. 

The patient is put at rest, given a diet consisting of four to six glasses of milk daily plus a 
water intake of two to three quarts. If no digitalis has been taken recently, 1.2 mg. of digitoxin are 
given at one time followed by 0.2 mg. daily as a maintenance dose. A daily weight record is kept. 
Mercuhydrin is given daily, beginning with a dose of .5 c.c. and increasing to as high as 2 c.c. 
daily. This regimen is continued until all signs of failure disappear and the weight declines to a 
resistant level, the "dry weight.” 

Maintenance is guided by the daily weight, and Mercuhydrin dosage determined accord- 
ingly. The patients or their families are taught to administer the latter. A more liberal diet is 
usually allowed but it is low in salt. 

Each factor of the regimen is discussed in detail, as well as guides to treatment, maintenance 
programs, and unpleasant symptoms. 

The authors state that the present study, comparing the results in 502 admissions for conges- 
tive failure with results in 140 similar admissions treated by the proposed S3’stem, shows that the 
symptoms and signs of congestive failure subside in about 90 per cent of hospital admissions when this • 
system is employed routinelj', against about 50 per cent with the current methods in common use; 
and that the duration of required hospital stay is reduced to about one-third of the time necessary 



SELECTED ABSTRACTS 


1013 


to bring about similar results by the current methods of treatment. They further state that only 
two types of results are obtained with the proposed method, namely, a few failures and the rest 
■ complete recoveries. 

Woods. 

Friedman, M., and Bine, R., Jr.: Observations Concerning the Influence of Potassium 
Upon the Action of a Digitalis Glycoside (Lanatoside C). Am. J. M. Sc. 214:633 (Dec.), 
1947. 

Although there is experimental and clinical evidence to support the theory that potassium in 
physiologic e.xcess tends to inhibit the action of digitalis, there is little known about the physiologic 
inter-relationships of the two substances. This study, therefore, was concerned with the effects of 
different concentrations of potassium upon the normal embryonic duck heart. It was found that 
the absence of potassium led to arrhythmias and early cessation of beating. Excess potassium, 
conversely, depressed heart action. The absence of potassium was found to enhance the effects of 
a digitalis glycoside (lanatoside C), whereas an excess of potassium inhibited the actions of the 
same drug. Only large or toxic amounts of digitalis glycoside were found to cause a probable loss 
of potassium from the heart. Excess potassium was effective in inhibiting this process. 

- The results of the entire study indicated that excess potassium was able to inhibit the actions 
of digitalis glycoside (1) by depressing the irritability of the heart, and (2) by serving as a source of 
potassium to a heart apparently losing it after exposure to toxic amounts of digitalis. 

Durant. 

Stepman, T. R.,.and Owyang, E. : Clinically Primary Tuberculous Pericarditis. Ann. 
Int. Med. 27:914 (Dec.), 1947. 

Three men, aged 60, 42, and 30 years, respectively, died following a protracted febrile illness 
during which a pericarditis with effusion was a prominent feature of the disease. In the first two 
patients, chronic pulmonary tuberculosis was not present and disseminated miliary tuberculosis 
was the terminal event. In the third patient, there were tuberculous excavative lesions in the lungs 
and a tuberculous enteritis with ascites. Pericardial paracentesis was performed in each patient 
during life, but in only one was the tubercle bacillus recovered from the pericardial fluid. At 
necropsy, a thickened adherent pericardium was noted in each instance. 

Wendkos. 

LaDue, J. S., and Carter, S. B.; The Efficacy of Maintenance Doses of Digitalis in Pre- 
venting the Recurrence of Congestive Heart Failure. Ann. Int. Med. 27:923 (Dec.), 
1947, 

One hundred four patients with heart disease associated with regular sinus rhythm who had 
been discharged from the hospital wards after treatment for congestive heart failure were followed 
at intervals of from one to four weeks over a period of from six months to two years. At the time 
the study was begun, most of the patients had been taking 0.1 to 0.3 Gm. of digitalis leaf per day 
for several weeks or months after discharge from the hospital. Measurements of venous pressure, 
circulation time, vital capacity, and weight were made during a one-to three-month period at inter- 
vals from one to four weeks; then digitalis was discontinued and the same measurements repeated 
at the same intervals of time. The degree of dyspnea, orthopnea, and edema was recorded, as well as 
the presence or absence of rales, the size of the liver, the cardiac findings, and the subjective state 
of the patient, ■ 

The data were broken down according to the variation in the measurements of the venous 
pressure, circulation time, vital capacity, weight, heart size, and frequency of the development of 
congestive heart failure while the patients were being studied. In general, it can be stated that 
none of the criteria employed for measurement of the circulation revealed any significant differ- 
ences during the time digitalis was given to the patient and during the period that the drug was 
withheld. Patients with heart disease who were not in failure had on the average, lower vital 
capacity and longer, circulation time measurements than did normal individuals of the same age 
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group. Changes in weight appeared to be just as sensitive as the level of the venous pressure, circu- 
lation time, or vital capacity in evaluation of the presence or approach of congestive heart failure. 
With the possible exception of changes in vital capacity and weight, detailed questioning of the 
patient with regard to d5'spnea, orthopnea, and transient ankle edema, together with a careful 
physical examination, were more reliable in evaluating the state of the circulation than repeated 
measurements of the circulation time, venous pressure, or heart size. 

It was noted that maintenance doses of digitalis leaf given to patients who had congestive 
heart failure failed to produce permanent and significant changes in diastolic heart volume once 
compensation was established. It was also obser\'ed that twice as many patients developed con- 
gestive heart failure during the period without digitalis than did those who were maintained on 
adequate doses of the drug. 

Finally, the authors suggest that frequent re-evaluation of the therapeutic level of digitaliza- 
tion is indicated in patients who have at one time in the past developed congestive heart failure. 

We.n'dkos. 

Tarr, L.: Effect of the Antimony Compounds, Fnadin and Tartar Emetic, on the Elec- 
trocardiogram of Man; A Study of the Changes Encountered in 141 Patients Treated 
for Schistosomiasis. Ann. Int. Med. 27:970 (Dec.) 1947. 

Serial electrocardiograms were made in 141 patients who were treated with Fuadin and/or 
tarter emetic because of infestation with Schistosoma japonicum. Everj’ patient receiving a 
course of tarter emetic showed some degree of T-wave alteration in the electrocardiogram, varying 
from slight depression to deep inversion, whereas in those receiving Fuadin, comparable alterations 
occurred in 57 to 80 per cent of the patients. In 30 per cent of the entire number, the magnitude of 
the abnormality was of a high order, whereas only 6 to 14 per cent of the Fuadin-treated group 
showed such marked changes. In none of these patients did associated S-T segment deviations 
occur. Although the quantitative change in the electrocardiogram in the tarter emetic and Fuadin- 
treated groups was different, qualitatively, the alterations encountered were identical. A striking 
feature was the reversible nature of the changes. In 90 per cent of those whose electrocardiograms 
showed varying degrees of T-wave change following either small or large doses of Fuadin or tartar 
emetic, these deflections returned to normal in thirty to sixty days after cessation of treatments. 
No correlation should be established between the amount of the drug which had been administered 
and the degree of T-wave change which developed. 

Fuadin is a sodium compound of trivalent antimony and tartar emetic is a potassium com- 
pound of trivalent antimony. Since the electrocardiographic changes following potassium ad-- 
ministration are entirely different from those obser\'ed, and since the alterations following the 
administration of these two drugs were similar, the potassium ion was not considered a possible 
factor responsible for the modification of the T wave. A vagal origin was seeminglj' excluded be- 
cause the abnormalities were not influenced by atropine sulfate. However, the amount of atropine 
sulfate which was used was inadequate to permit any valid conclusion in this regard. The author 
considers that the T-wave alterations are the result of a temporary deposition of antimony m the 
heart muscle which, in turn, alters the electrical activitj' of the ventricle. The disappearance of 
the T-wave changes, therefore, is considered to be the result of excretions of this metal from the 
heart muscle. 

Wendkos. 

Gibson, J. G., II, Seligtnan, A. M., Peacock, W. C., Fine, J., Aub, J- C., and Evans, R. D.: 
The Circulating Red and Plasma Volume and the Distribution of Blood in Large and 
Minute Vessels in Experimental Shock in Dogs, Measured by Radioactive Isotopes of 
Iron and Iodine. J. Clin. Investigation 26:126 (Jan.), 1947. 

Normal dogs under morphine narcosis or Nembutal anesthesia were subjected to a variet 3 ' of 
procedures designed to induce various degrees of shock. Measurement of the circulating blood 
volume in animals shocked by hemorrhage revealed a greater reduction in the volume of circulating 
cells and plasma than could be accounted for by known external blood loss. By special techniques 
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it was found that this discrepancj’ was due to trapping of blood within the minute vessels of all the 
organs in the body and further, that the erythrocytes removed from the effective circulation wdthin 
the minute vessels represented a very large percentage of the total quantity of erythrocytes 
normally circulating within these vessels. This phenomenon of trapping was obser\'ed regardless 
of the nature of the shocking procedure, e.g., burns, muscle trauma, hemorrhage, or administration 
of bacterial toxins. 

Although the degree of trapping bore no relationship to percentile reduction in total blood 
volume, it did appear to be roughly related to the decline in arterial pressure, in that the ratio 
of circulating to total red cells in minute vessels was 0.8 or less in dogs whose mean arterial pres- 
sures fell more than 65 mm. Hg, whereas ratios higher than 0.8 were accompanied by pressure 
drops of less than 30 mm. of mercury. 

In one series of experiments, infusions of bovine albumin were given and resulted in an im- 
mediate rise in mean arterial pressure in most shocked animals. Infused animals in which the circu- 
lating red cell volume displayed no upward trend had only a temporary rise in arterial pressure and 
eventually succumbed; others in which the circulating red cell volume increased following infusion 
maintained their arterial pressures and survived. 

These experiments indicate that the treatment of shock should be directed not only toward 
the restoration of blood volume but also toward circulating red cell volume in order that trapped - 
erythrocytes be flushed back into the circulation. 

Friedland. 

Houston, C. S., and Riley, R. L. : Respiratory and Cireulatory Changes During Aeclimati- 

zation To High Altitude. Am. J. Physiol. 149:565 (June), 1947. 

Detailed studies of the respiratory and circulatory changes which occur during the process of 
acclimatization to oxygen lack were made on four men exposed to gradually increasing simulated 
altitude during, one month in a low pressure chamber. The data strengthen the concept that ac- 
climatization consists of a series of integrated adaptations which tend to restore the oxygen pressure 
of the tissues toward normal sea level values despite the lowered pO.. of the atmosphere. 

The same pulmonary and circulatory changes which caused an increase in pOj as acclimatiza- 
tion progress necessarily caused a decrease in pCOj; and an initial effect of the decrease in pC 02 
was an increase in the alkalinity of the blood. As acclimatization progressed, further changes 
occurred to counteract this respiratory alkalosis. The fall in blood bicarbonate reflected the 
extent of these changes which included a net increase in the other negative ions and probably 
a net decrease in the positive ions. 

There is no evidence that cellular metabolism decreased as part of the acclimatization process, 
since the oxygen consumption remained the same at simulated high altitude as at sea level, both 
■ during rest and work. Since clinical evidence indicated that the subjects were moderately anoxic, 
it appears that cellular function was impaired by low pOj even though the amount of oxygen 
used by the cells remained normal. 

Bernstein. 

Allschule, M. D., and Rosenfcid, F. M.: Increased Catabolism Follo\ving Acute Myo- 
cardial Infarction. Arch. Int. Med. 80:74 (July), 1947. 

Three patients with myocardial infarction in whom persistent shock did not occur were studied 
and they all showed evidences of a preponderance of catabolic activity. The daily nitrogen loss 
averaged 4.4 to 8.1 Gm. per day as compared with an average daily loss of 0.38 to 0.58 Gm. per day 
in a control group. The authors presume the rise in nonprotein nitrogen which frequently occurs 
following myocardial infarction is probably the result of increased delivery of nitrogen to the kid- 
neys consequent to increased protein catabolism at a time when renal function may be decreased 
as a consequence of vasoconstriction or, in some cases, shock. The elevation of blood lactate and 
pyruvate are also probably a consequence of increased destruction of body protein and increased 
catabolism in general. Myocardial infarction is compared to severe thyrotoxicosis, thermal burns, 
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and prolonged high artificial fevers as being characterized by a negative nitrogen balance, hyper- 
glycemia, elevated blood lactate and pyruvate, and not infrequently, an unexplained hyperbiliru- 
binemia. 

Bernstein*. 

Roscnkrantz, J. A., and Marshal, C.: Basal Metabolic Rate in Hypertensive Vascular 
Disease. Arch. Int. Med. 80s81 (July), 1947, 

In hypertensive vascular disease ivithout cardiac insufficiency (determined by checking the 
electrocardiogram 6-foot silhouette, and the physical condition), a significant incidence of 
hypermetabolism has been demonstrated, in that there is a decided positive correlation between 
basal metabolic rate and both systolic and diastolic blood pressure. On the other hand, there 
appears to be no significant association between basal heat production and pulse pressure. Further 
analysis revealed a greater incidence of renal dysfunction in hypertensive patients with increased 
basal metabolic rates than in those with normal or subnormal basal heat production, perhaps be- 
cause of the fact that those with renal dysfunction had a greater elevation in blood pressure. The 
possibility that thoracolumbar sympathectomy can lower basal metabolic rates may explain one 
of the mechanisms producing elevated rates in some hypertensive patients. In this study, thora- 
columbar sympathectomy resulted in a reduction of basal heat production without an appreciable 
alteration of blood pressure. One must consider that cardiac work may be a factor in elevating 
metabolic rate since a direct correlation between basal metabolic rates and blood pressure, as well 
as a greater incidence of renal dysfunction was found in this series of hypertensive patients with 
elevated metabolic rates. 

Bernstein. 

Stead, E. A., Jr., and "Warren, J, V.; Cardiac Output in Man. Arch. Int. Med, 80:237 (Aug.), 
1947. 

This paper attempts to present new data in an effort to throw light on the mechanisms con- 
trolling the cardiac output in man, a subject which current medical teaching admits is based mainly 
on the concepts of animal physiologJ^ The cardiac output was determined by the direct Pick 
principle or the ballistocardiograph. It was found that the ventricles play an active rather than a 
passive role in determining the cardiac output, in that the cardiac output is varied by changes in 
ventricular relaxation and contraction which are independent of fairly wide variations in atrial 
pressure. Lowering the arterial pressure causes an abrupt rise in cardiac output which occurs too 
rapidly for a humoral mechanism. Anxiety and exercise increase output even in the presence of an 
increase in arterial pressure. 

It is suggested that reflex stimulation of ventricular activity accounts for the changes in 
cardiac output during daily activity and the afferent stimuli may arise in part from a lowering of 
the arterial pressure, movement of limbs during exercise, and the emotional content of thought 
Clinical observations which support the concept that the cardiac output is under reflex control are 
discussed. 

Bernstein. 

Smith, J. A., and Levine, S. A.: Aortic Stenosis With Elevated Metabolic Rate Simu- 
lating Hyperthyroidism. Arch. Int. Med. 80:265 (Aug.), 1947. 

The authors report a series of four cases of aortic stenosis without dyspnea or significant 
pulmonary congestion in which the patients showed definite and persistent elevated basal meta- 
bolic rates (34 to 53 per cent) and had normal thyroid glands gT 0 ssl 3 ^ and microscopicallJ^ 
In view of the fact that these patients also manifested some other feature suggestive of thjTO- 
toxicosis, the authors suggest that we add this group of patients to the group of conditions that 
need to be considered in the differential diagnosis of masked thyrocardiac disease; that is, cardiac 
failure, hypertension, per se, polycythemia, coarctation of the aorta, and cardiac failure associated 
with beriberi. 


Bernstein, 



Book Reviews 


Varices Su Tratamiento Basado en la Flebograeia. By Dr. F. Martorell, Barcelona, 
Spain, 1946, Teleres Groficas Ibero-Americanos, 140 pages, 118 figures. 

This book by Dr. F. Martorell, Chief of the Vascular Surger>' Division of the Polyclinic In- 
stitute of Barcelona, is an exhaustive attempt at a precise diagnosis of the varicosities of the lower 
extremities by phlebography. The author devotes two chapters to the elemental facts of the ven- 
ous circulation in the lower extremities. The differential diagnosis of varices is contained in the 
second part of the book. The Trendelenburg phenomenon, Perthes, Ochsner and Mahorner, and 
Pratt tests are discussed and compared with the author’s own method. The other methods are 
too inexact, and this is the reason why Dr. Martorell has developed phlebograms to such a high 
degree of efficiency. An exact visualization of the insufficient communicating veins gives the 
localization for ligation, shortens the operation, avoids useless and dangerous ligations, and 
permits ambulatory treatment of all patients, thus minimizing the chance of embolization. The 
book is amply illustrated with diagrams and photographs. It deserves study in the English speak- 
ing medical world. 

Bernard E. Nunez, M.D. 

Tension Arterial y Biotipo. By F. Schaposnik, Buenos Aires, 1947, El Ateneo, 120 pagesi 
27 charts. 

The author studied the possible correlation between arterial blood pressure and physical con- 
stitution. Seven hundred nine persons of both sexes between 14 and 22 years of age were studied. 

The macrosplanchnic tj^pe showed the greatest percentage of readings above 140 mm. Hg 
systolic, while the normosphlanchnic type presented such readings more often than the micro- 
splanchnic. Tall persons usually have a higher blood pressure than persons of average height, 
but smaller individuals may also have higher than normal figures. 

The microsplanchnic type presents a lower diastolic pressure than the normal type while the 
macrosplanchnic type presents a higher diastolic pressure than the normal. 

Pulse pressure was larger in macrosplanchnic men and in normal women than in the other 
types. 

In conclusion, a definite relationship between body structure and blood pressure is sug- 
gested, even if the difference between the observed figures is not striking. 

A. Luis.ada, M.D. 

DerivaCOES UniPOLARES das ExTREMIDADES CONTRIBUICAO AO ESTUDO DOS seus aspectos 
normais. By Horacio Kneese de Melo, Sao Paulo, 1947, Industria Grafica Siqueria, 78 pages 
and 15 figures. 

This seventy-eight page monograph by Dr. Horacio Kneese de Melo of Brazil is an interest- 
ing presentation of the normal variations of augmented unipolar extremity leads. In Chapter I, 
he discusses the advantages of unipolar leads in general. In Chapter II, he describes Goldberger's 
modification of Wilson’s central terminal, which he uses. He states that he found that the aug- 
mented unipolar extremity leads taken with or without the resistors are identical. In Chapter III, 
he reviews Wilson’s description of the electrical positions of the heart, which he employs, and 
he detyribes a variation of the Einthoven triangle for use with unipolar extremity leads. 

The remaining five chapters describe his observ'ations of the aV leads in 221 normal subjects, 
including newborn infants and children. His observations on the T wave are especially interest- 
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ing. He found an up\rard T in Lead aVn in several of his newborn subjects. This has not been 
previously noted. In the aVi, lead a downward T with a tall R occurred in only one adult. In 
the aVy lead, a downward T with a tall R was common in children and adolescents. 

The monograph is Avritten in Portuguese in a simple and easy stjde. It is well printed and the 
illustrations are clear. 

Emanuel Goldberger, M.D. 

Fisiofatologia della Circolazione Venosa. By L. Condorelli, Corso, Italy, 1946, Azienda 

Poligrafica Editoriale, 336 pages and 83 tracings, 1200 lire. 

This book is a monographic study of the venous circulation. Most of the material presented 
has already been published by the author and his pupils. After describing a new apparatus for 
continuous recording of venous pressure in man, the author applies the results of the method to 
the interpretation of various circulatorj’^ conditions. 

While much of the present physiologic knowledge concerning venous circulation is ignored, 
some new conceptions are advanced. Some of these, such as that concerning venous hypertonus 
(so-called "active” venous hypertension), are attractive but do not seem to be substantiated by 
solid evidence. Bibliographic quotations are chiefly limited to French and German work of the 
last ten years. 

. The author presents a large material with undeniable skill, but the stj’le and composition of 
the book are far from being clear. 

A. Luisada, M.D. 

Tempi di Circolo e VelocitI Distrettuale di Corrente. By A. Francaviglia and A. Tur- 

chetti, Catania, 1946, Azienda Poligrafica Editoriale, 254 pages and 36 figures, price: 680 lire. 

This book deals with circulation time and circulation speed with special regard to the rate 
of circulation in limited sections of the cardiovascular system. After a review of the different 
methods for measuring circulation time, the authors state the reasons for choosing sodium dehy- 
drocholate. Using this drug, circulation rate is studied in normal subjects before and after 
the administration of drugs, exertion, compression of the eyeballs, apnea or forced respiration, 
and introduction of air in the course of therapeutic pneumothorax. It is further studied in 
cardiac patients before and after exertion, and in hypertensive and hypotensive patients. In 
a later chapter, circulation time and speed are measured in limited sections of the cardiovascular 
system. 

While a great deal of data has been collected, some of them of interest, their evaluation is by 
no means easy. This is due' to the failure of the author to clearly separate personal observation 
from the observations of others, poor distribution of the subject, and the failure to clearlj' sum- 
marize the results and conclusions of the study. 

A. Luisada, M.D. 

A Doenca de Chag.^s na Bahia. By Prof. Adriano de Azevedo Ponde’, Bahia, 1947, Imprensa 

Vitoria, 126 pages and 107 figures. 

Chagas’ disease is South American trj^panosomiasis. It differs from the African sleeping 
sickness in its clinical manifestations. It has an acute and a chronic form. In the chronic form, 
nervous system or cardiov'ascular symp.toms predominate. Several descriptions of the cardiac 
aspects of Chagas’ disease are found in the South American literature and a short description 
may be found in White’s “Heart Disease.” Most cases occur in Brazil, and on the basis of thirty- 
seven cases, this monograph presents the clinical picture which is quite different from anything 
cardiologists ever see in this country. 

Patients acquire the disease b}' sleeping in dwellings infested with Triatoma vtagisla, a bug 
which carries the Trypanosoma cruzi and sucks the blood of its victims at night. The Trypano- 
soma seeks with preference the myocardium where it sometimes may be found, post mortem, im- 
bedded within the myocardial fibers. 
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The clinical picture which it produces is one of congestive failure which persists for months 
or years, proves resistant to treatment except for temporary remissions, and finally ends in death 
from asystole. 

' Of thirt 3 '-six cases of chronic Chagas’ disease, thirty were between 11 and 40 years, seventeen 
between 21 and 30 3 'ears of age. Thus, it is a disease of young adults. The symptoms were palpi- 
tation, dj^spnea, and various precordial pains of rather indefinite nature. As congestive failure 
developed, enlargement of the liver and dependent edema (right-sided failure) predominated, signs 
of left-sided failure being much less marked. Cardiac enlargement was frequent but varied greatty 
in degree. Valvular involvement was no part of the picture, though sj'stolic murmurs might arise 
from relative mitral insufficienc 5 ^ 

Most extraordinarj', however, were the electrocardiographic findings: this disease causes 
extensive damage to impulse formation, the conduction sj'stem, and the myocardium. All kinds 
of ectopic origins of complexes are seen both in auricles and ventricles. Auriculoventricular 
block is more common in this form of heart disease than in any other, eleven of the thirty-six cases 
of chronic Chagas’ disease had complete A-V dissociation, and six others had incomplete A-V 
block. Another peculiaritjf is the frequency of right bundle branch block. Typical and per- 
sistent left bundle branch block was not seen in this series. No satisfactory explanation is given 
for this predominance of right ventricular pathology and failure. Another unusual feature 
was the changes Avhich the electrocardiographic alterations underwent, especially in the S-T 
and T segments when serial tracings w’ere taken. 

Altogether, Chagas’ disease of the heart, as described bj' this able cardiologist, presents an 
intriguing and interesting picture, quite novel to the more or less standardized patterns to which 
we have become accustomed. 

Anyone who wishes to read this book will do well to orient himself by first reading a chapter 
in a textbook on tropical diseases such as the textbook by Bercovitz. The case reports are full 
and complete, occupying pages 14 to 87. Then follows an analj^sis of the material, a discussion 
which contains the essence of the subject, and finally an abstract in English which becomes a little 
clearer if one has first mastered the Portuguese text. The references appear to be adequate and 
ample. 

Julius Jensen, M.D. 

Semeiologia Cakdiovascular. By R. Carral y de Teresa, Mexico, 1947, Institute Nacional de 

Cardiologia, 500 pages and 93 figures. 

This book is devoted to “Cardiovascular Semeiology.’’ The first part deals with functional 
semeiology, including a study of dyspnea, cj'anosis, precordial pain, and cerebral sj^mptoms. 
The second part deals with hemodynamics. The mechanisms of cardiac failure, venous hyper- 
tension, serous effusions, cardiac output, circulation speed, and blood pressure are discussed, with 
separate chapters for hj^pertension and hj^potension. In the third part, physical examination is 
described with special emphasis on auscultation. The mechanism of production of murmurs and 
phonocardiography^ is discussed in detail. The last three parts are respectively devoted to various 
laboratory methods, roentgenology^ and electrocardiography. 

The book contains a rich and w'ell-organized collection of data which make its reading interest- 
ing and easy. The quotations from the literature are w'ell chosen and those from the works of 
Mexican authors are particularly^ interesting and useful. 

While illustrations of methods of phy'sical examination would have increased the value of the 
book for beginners, the roentgenologic, stethographic, and electrocardiographic tracings are clear 
and, at times, particularly interesting. The main fault of the book is that it represents a com- 
promise between the stated purpose of the author (semeiologyO and the unexpressed wish of writing 
a book on cardiology'. If the title is correct, repeated description of clinical entities, including 
pathology, and detailed discussion of therapeutic procedures are superfluous. In a book on 
cardiology, the order of the chapters should be different and the space devoted to description 
of symptoms and signs should be more proportionate to the total volume. . Inclusion of chapters 
devoted to peripheral circulation would increase the value of the book. The same can be said of 
an index of subjects. 


A. Luisaba, M.D. 



1020 


AMERICAN HEART JOURNAL 


Cornell Conference on Therapy, Vol. II-. Edited by Haro' Gold, M.D., David P. Barr, M.D., 

McKeen Cattell, M.D., Eugene F, Du Bois, M.D., Paul A. Bunn, M.D., and Walter Modell, 

M.D. New York, 1947, The Macmillan Company, 354 pages, price $3.75. 

The Editorial Board for this publication has apparently fulfilled its stated purposes, namely, 
to explore some aspects of special interest in pharmacology and therapeutics, to analyze the 
evidence on controversial points of opinion and practice and break down the physiologic and • 
pharmacologic bases of therapeutic measures, and to present these on the level of the general 
practitioner. These conferences assemble many practical therapeutic facts, and in spite of the 
disclaim of the editors of such an objective, the book will serve as a reference source. As such it 
would have been more valuable if more of a bibliography were included, especially where space 
prevents presentation of precise techniques. Likewise, an index would be helpful. 

The discussion and question method of teaching, which is so stimulating to the individual 
present at a conference, at times confuses a reader of such material presented in publication. 
This results not only from certain verbosity, but also from conflicting opinions, especially relevant 
to the value of new procedures or material. From the teaching standpoint it would seem wiser 
either to present the most authoritative discussion, or else have the moderator more forcibly 
discredit probably erroneous opinions. 

The presence of personal bias is apparent in the dominant opinion on certain subjects, espe- 
cially the Sister Kenny treatment of poliomj'elitis, the inadequacy of xanthines as diuretics, and 
the entire subject of quinidine therapy. The opinions expressed on the use of quinidine may be 
popular at present, but are not uniformly accepted by many excellent cardiologists. It is most 
notably illustrated on the views that quinidine must not be used with, or presumably shortly 
after, digitalis; it should not be used in myocardial infarction, presumably 0.2 Gm., three to four 
times daily as prophylactic doses, because “it depresses the myocardium too much for its use”; 
it rarely, if ever, should be used in conversion of permanent auricular fibrillation, overlooking the 
increased incidence of embolic phenomena, an opinion disputed by Dr. Pardee; it is rapidly 
eliminated; and that after conversion of an arrhythmia, the maintenance dose is rarely used. 

Certain chapters are especially excellent reviews of the subjects considered, especially “Sym- 
pathomimetic Amines,” “Edema and Dehydration,” and “Rheumatic Fever.” The unanswered 
question often indicates where investigation should be pursued, and the mode of presentation 
illuminates, but occasionally not as well as it should, the difference between accurate clinical obser- 
vation, applied experimental data, and opinion colored by ■v’arious causes of personal bias. The 
occasional human weaknesses shown by such an excellent group so seriously at work to avoid 
them is a good moral lesson to the reader in guarding the formation of his own therapeutic judg- 
ments. 

John J. Sampson, M.D. 

Unipolar Lead Electrocardiography. By Emanuel Goldberger, M.D. Philadelphia, 1947, 
Lea & Febiger, 82 pages and 88 figures. Price $4.00. 

This monograph describes and analyzes electrocardiographic patterns primarily in terms 
of unipolar leads. It is pointed out that such leads provide a recording of potentials which are 
not significantly affected by the indifferent electrode, and therefore can be explained in terms of 
simple, fundamental principles. The material presented is based on a seven-j^ear study of these 
leads by the author, the study having had its origin in an investigation of the Q wave by means 
of Wilson leads, followed by the modification of these leads to form the augmented unipolar leads 
of the author. 

The subject is introduced by a brief discussion of the basic principles of electrocardiography. 
The validity of the Einthoven triangle theor}’- is accepted on the basis of experimental data pre- 
viously published by the author and by others. The various methods of taking unipolar leads are 
described, including both the author's method and the use of the Wilson central terminal. Many 
will disagree with the advisability of omitting the 5000 ohm resistances in the former. The 
discussion of the relationships between the standard leads and unipolar extremity leads and be- 
tween ordinary precordial leads and unipolar precordial leads is entirely adequate. Following 
this, the major portion of the volume is devoted to the normal electrocardiogram, to the effects 
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of position of the heart upon the normal electrocardiogram, and to abnormal electrocardiograms, 
including those associated with hypertrophy of the various chambers, bundle branch block, 
myocardial injury, and digitalis administration. Proper stress is placed upon the value of unipolar 
electrocardiography in the interpretation of many cardiac conditions in which standard electro- 
cardiographic methods are entirely inadequate, among which might be mentioned especially the 
value of the left leg potentials in the interpretation of the significance of a Q wave in Lead III. 
No attempt is made to discuss the arrhythmias, since unipolar electrocardiography contributes 
nothing to their diagnosis e.xcept in cases of nodal rhythm. 

Throughout the volume, tremendous stress is placed upon the effect of changes in the position 
of the heart through rotation upon any one of its three axes, or upon a combination of these axes. 
The theorizing along this line is extended to a degree which will not be acceptable to most. Cor- 
responding radiologic descriptions of all of the positional electrocardiographic patterns are omitted, 
“partly because much of this information is still incomplete.” Nowhere in the volume is there 
found the caution with regard to this subject expressed by Wilson and his co-workers in this state- 
ment, “The names given to these positions are not intended to imply that the electrocardiographic 
position of the heart is uniquely determined by its anatomic position, either when this organ is 
normal or abnormal. We are not only aware, but are also certain, that a change in the one is not 
necessarily accompanied by a change in the other.” This warning is especially indicated when 
there is a localized lesion of the myocardium, and yet the positional theories are carried over 
without apology into the subject of myocardial infarction, and the statement is made that the 
heart usually lies horizontally after anterior infarction and vertically after posterior infarction. 
It is explained that the rotation is due to factors differing from those that affect the position of the 
normal or hypertrophied heart, and that the abnormal contraction of the involved portion of 
the myocardium, together with the force of contraction of the remaining normal muscle or in some 
cases localized dilatations of the wall, may be responsible for the abnormal rotation. This will be 
extremely difficult for many to accept without the presentation of a great deal more evidence. 

In the preface the statement is made that “standard leads and unipolar extremity leads are 
somewhat different from the other leads because they not only depend on the basic unipolar lead 
patterns, but they vary greatly with changes in the position of the heart.” This would seem to 
imply that precordial leads are not influenced by changes in the position of the heart, though 
this is at variance with the remainder of the text and with common experience. No attempt is 
made at any point in the description of precordial leads to discuss or even mention the important 
transitional zone and the facts that are known concerning its variability in the normal. The 
impression is very definitely given that the entire left ventricle gives qR or qRS 'patterns in unipolar 
leads that face its epicardial surface. This is not in accord either with experimental work with 
direct leads in the animal or with studies of the transitional zone in the human, since the anterior 
surface of the left ventricle gives rise to RS patterns, and only the lateral and posterobasal portions 
demonstrate an initial negative deflection in the normal heart. ' 

Because of these objections and other less important ones, such as obscure phraseology in 
many places, this book cannot be recommended for one who does not have a good, basic knowledge 
of electrocardiography. It does contain, however, much valuable information, such as the criteria 
for the abnormality of the Q waves. 

Thomas M. Durant M.D. 

A Primer of Cardiology. By George E. Burch, M.D., F.A.C.P., and Paul Reaser, M.D. 

Philadelphia, 1947, Lea & Febiger, 272 pages and 203 figures. Price $4.50. 

, A Primer of Cardiology is just what the authors state it to be; a primer designed for medical 
students and practitioners to serve as an introduction to more serious study. As such it can be 
recommended. For the medical student, the authors’ attempts to correlate the basic sciences of 
physiology, physics, and physical chemistry with clinical phenomena should be very helpful. 
For example, the section on heart sounds is particularly good. The correlation of phonocardio- 
graphic records with other events in the heart cycle is well done and the diagrams are very instruc- 
tive. The analysis of the phenomena associated with split heart sounds and gallop rhythm is 
particularly good. The presentation is difficult to follow, however, because the text is so ab- 
breviated. 
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There are several points throughout the book with which this reviewer does not agree. For 
instance, it is stated that the Graham Steell murmur indicating pulmonarj' insufficiency is common. 
The authors define heart disease as any disturbance in cardiac function that disturbs the patient 
in any way. This I believe to be much too broad; a concept that would make the handling of the 
cardiac neuroses more difficult. Under heart disease due to the aging process, the authors include 
arteriosclerosis of the coronary arteries. The experience with our troops, in which, I am told 
1 000 young men from the ages of 18 to 40 years died of cardiac infarction, casts doubt upon the 
concept of this disease as an aging phenomenon. The section on cardiovascular syphilis is, in the 
reviewer’s opinion, the poorest in the book. It contains a section on acute aortitis in which 
dyspnea and vague subslernal pain are listed as symptoms. Aortitis is a sj'mptomless disease. 
In the section on diagnosis, it is stated that aortitis is easily diagnosed and that it appears clin- 
ically after only several weeks of infection. This is certainly not the prevailing opinion. The 
authors are also oversanguine when they state that syphilitic aortitis will respond to therapy with 
complete cure if early and adequate antisyphilitic therapy is administered. 

These criticisms are presented in a spirit of helpfulness and in the hope that some of them may 
be accepted for the next edition. 

There are many very good clinical sections; the critique of our knowledge of congestive heart 
failure, the presentation of cardiac infarction, angina pectoris, and hypertensive heart disease. 
It is pleasing to see that the authors use the term diastolic hypertension. 

Having read the book, this reviewer is left with the feeling that it will serve a useful purpose 
but that it would be more enthusiastically recommended if some of the statements enumerated 


could be corrected. 


Edwin P. Mayn-^rd, Jr., M. D. 


Congenital Malformations of the Heart. By Helen B. Taussig, M.D., Associate Professor 
of Pediatrics, Johns Hopkins University School of Medicine, and Director of the Children’s 
Cardiac Clinic at the Harriet Lane Home of the Johns Hopkins Hospital, New York, 
N. Y., 1947, The Commonwealth Fund, 1618 pages, 46 plates in color, 177 other illustra- 
tions. Price $10. 

Contents: Foreword by Edwards A. Park, M.D. 

Part One. Physiology of the Malformed Heart and Diagnostic Principles 

I. Embrj’ology, Etiology, Basic Principles of Analysis, and Fetal Circulation 

II. Methods of Diagnosis 

III. Cyanosis 

Part Two. Malformations Which Deprive the Body of an Adequate Amount of Oxygenated 
Blood 

IV. Defective Development of the Right Ventricle and Tricuspid Atresia 

V. The Tetralogy of Fallot 

VI. Pulmonary Stenosis or .Atresia and Extreme Dextroposition of the Aorta 

VII. Pure Pulmonar}’^ Stenosis 

VIII. Aortic Atresia and Marked Hypoplasia of the Aortic Orifice 

IX. Absence of the Aortic Arch 

X. Complete Transposition of the Great Vessels and the Common Associated 
Anomalies 

XI. Truncus Arteriosus 

XII. A Single Ventricle and a Rudimentary Outlet Chamber 

XIII. Anomalies of the Venous Return 

XIV. The Anomalous Origin of the Left Coronary Artery From the Pulmonarj' Artery' 

Part Three. Malformations Which Permit the Body to Receive an Oxygen Supply Sufficient 
for the Growth of the Individual 

Persistent Patency of the Ductus Arteriosus 

XVI. Defects in the Auricular Septum- 

XVII. Defects in the Ventricular Septum 
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XVni. The Eisenmenpcr Complex , 

XIX. Aneurism in ihe Sinu? of Val?.'ih‘a WiUi Rupture Into the Right Wnunrle 

XX. Anomalies of the .'\ortic Valve and of llic .Ascending Aorta 

XXI. Anomalic.s of (he .Aortic Arch 

.XXII. Coarctation of the Aorta 

XXIII, Dc.xtrocardia With or Without Situ? Inversu.s 

XXIV. Ebstein’s Disease 

XXV. Complete Heart Block and Other Qirdiac .Arrhyihmas 

Pari Four. Therapeutic Measures 

XXVI. General Medical Care 

XXVII. Medical Aspect.? of the Surgical Correction of CongeniUil Pulmonary Steno^i? or 
Atresia 

Correlation of the Stdient Features Aiding in Diagnosis 
Index 

Helen Taussig’s new book on congenital heart disease is a mileptone in both the dct'eiopmtnt 
and the distribution of our knowledge about the heart. She ha? done important pioneering 
herself and has presented in some detail these contributions of her own. .Also, .=he lia.? coveret! in 
a clear and concise form a good deal (hat is known about congential heart disease that has come 
from other sources. However, one would have likc<l to have had included in this book mort; of 
the new work that has been going on in the physiologic study of congenital defects of the hc.art; 
in particular, by cardiac catheterization. Events move so rapidly that there has cotne 
new information within the last year or so that was not included in this book; for example, the 
current availability of the determination of pulmonary blood pressure by cardiac catheterization, 
doing away with our guesswork of former days and with the need of waiting until actual operation 
before measuring the pulmonary blood pre.ssure. There is also inadequate recognition of the in- 
creasing success of penicillin therapy in the treatment of subacute bacterial endocarditis as a com- 
plication and the displacement of sulfonamide therapy by penicillin. Similarly, one would like 
to see in future editions x-ray pictures of Diodrast injection? to reinforce the excellent diagrams 
that appear throughout the book. 

.Some readers may complain of the lack of long discussion? about embryology, but this book 
is avowedly a clinical treatise and contains, in the opinion of the reviewer, an adequate amount of 
reference to the fetal development of the heart itself. 

The author’s pioneer contributions have been largcl.v in the field of the cyatuuic types of 
congenital heart disease and are particularly presented in Chapter IV (Defective Development of 
the Right Ventricle and Tricuspid Atresia), Chapter V (The Tetralogy of Fallot, in the remarkable 
surgical treatment of which Taussig’s name is forever emblazoned along with that of Blalock), 
Chapter X (Complete Transposition of the Great Ve.ssels and the Common .Associated .Anomalie?), 
and Chapter XIII (Anomalies of the Venous Return). Also in Chapter XXI (.Anomalie? of the 
.Aortic Arch) in Part Three, which concerns the noncyanotic types of heart disease, Taussig has 
presented an unusually helpful discussion based on a good deal of her own studies of congenita! 
heart disease. 

The reviewer on reading through this volume has noted down in rxtrticular several statement? 
that deserv'e more emphasis than has sometimes been accorded. .A few e.xamplcs follow herewith. 

On page 15 she slates: “.All the present exjxtrimental evidence indicate? that although 
anatomical closure of the ductus arteriosus may not be comjsloted for two months, ftinctional 
closure of the duclu.? arteriosus occurs shortly after birth.” 

On page 18, there is a .sentence which is important for the internist to rememl>er, namely tliTst, 
"The infant’s heart is larger in proportion to the chest than is iliat of the adult” and on fXige 24 
there is the observation that “in the infant the chest is wider than it is long, in the, child .approx- 
imately a? long as it is wide, and in the adult longer than it is wide” and that "in infancy the 
difTcrence in pressure between the two circulations is slight: with variations in the systemic and 
pulmonary pressure, murmurs come and go. Therefore, tod great cmpliasis sltoufd not be placed 
on murmurs.” 
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On page 20 we find “A reduplication of the second sound is clear evidence of the existence of 
both great vessels” and on page 22 “cyanosis always precedes clubbing of the extremities; indeed 
clubbing of the extremities, although a characteristic finding in older patients, is seldom seen in 
early infancy.” In referring to rales in the lungs due to pulmonary congestion, not infection, the 
author writes that since most malformations which cause persistent cj'anosis are associated with 
marked diminution in the flow of blood to the lungs, “therefore, cyanosis accompanied by rales 
indicates a malformation which permits adequate circulation to the lungs.” 

On page 48 we find “The P waves give some information concerning the size of the auricles. 
Abnormally high pointed P waves occur with great enlargement of the right auricle. Notching 
and prolongation of the P waves are seen with enlargement of the left auricle.” 

On page 54 there is the statement “Most infants in whom cyanosis is due primarily to a large 
venous-arterial shunt and to the failure of the blood to reach the lungs for oxygenation die at an 
early age. For this reason secondarj' changes in the lungs become of increasing importance in the 
older age groups. These pulmonary factors become so pronounced in adults that many internists 
believe that they are of far greater importance than is the reduction in the pulmonary circulation,” 
especially in the case of the Eisenmenger complex in which there is evidence of pulmonary'’ or en- 
darterial change. 

One could continue to quote man}'’ other interesting and instructive passages through the 
book which it would be well for both the internist and cardiologist, per se, to read carefully. 
Such passages appear right to the end of the whole book. Near the end, for example, on page 550 
there is the following interesting advice: “Broadly speaking, if the cardiothoracic ratio is 55 per 
cent or under, a child with a congenital malformation of the heart does not need digitalis. With 
a cardiothoracic ratio of 55 to 64 per cent he may or may not need digitalis ; with a cardiothoracic 
ratio of 65 per cent or over, compensation can seldom be maintained without the aid of digitalis." 

The reviewer would like to emphasize particularly the excellence of the plates of which there 
are forty-six in color; with their legends they would make a very good atlas, per se. Plate 35, 
however, is a bit unsatisfactory and could be improved to make it clearer. The other illustrations 
also are good; they include line drawings, teleroentgenograms, electrocardiograms, and a few other 
subjects. At the end of the book there is a tabular appendix, a useful summary of the clinical 
findings. There is also a very adequate index of thirty-six pages. 

The author has emphasized the preponderant importance of x-ray study in the diagnosis of the 
individual congenital defects, but much e.xperience and skill is needed to follow that lead. The 
left anterior oblique position, both for roentgenograms and fluoroscopy, is constantly referred to 
as of the greatest value in determining the relative sizes of the heart chambers. Doubtless 
there are difficulties involved, as for example, when the heart is so large that it may be impossible 
to tell whether both chambers are enlarged or whether one or the other is so much enlarged that it 
displaces the other anteriorly or posteriorly. The value of electrocardiography is perhaps some- 
what greater than considered in this book, for, on occasion, as in the case of tricuspid atresia, it is 
possibly the most important or most rapid clue to the diagnosis. 

The more adverse criticisms of the reviewer concern, in the first place, the incompleteness of 
the book with respect to such a subject as cardiac catheterization which, he thinks, might well 
be included in the next edition, and second, considerable repetition, particularly with reference 
to chapter summaries. A good many pages are taken up with chapter summaries, the time for the 
reading of which could be better devoted to a rereading of the chapter itself; for e.xample. Chapter 
XXVII with 19 pages has three devoted entirely to the summary. Since the plates also give quite 
satisfactory summaries of each condition, the chapter summaries might well be omitted with the 
saving of many pages. 


There are surprisingly few errors of spelling or construction and also verj' few omissions of 
important matter. A comment might have been well added about the possible strain on the heart 
. (to be watched with interest in the future) which may result from the Blalock-Taussig operation 
in which the shunt, somewhat like that of a ductus arteriosus, is artificially produced. 

In conclusion, this book by an expert specialist can be highly recommended to serve both as a 
textbook to read, per se, and for reference after that for cardiologists, general internists, general 
practitioners, and medical students alike. p p M D 
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NEW HEADQUARTERS FOR AMERICAN HEART ASSOCIATION 

The American Heart Association has moved its olhces from 1790 Broadway to 1775* Broad- 
way, New York 19, N. Y. The new telephone number is Plaza 7-2045. 


SCIENTIFIC COUNCIL 

A list of more than 700 names to comprise the Founder’s Group of the Scientific Council 
has bcen approved by the Board of Directors. Membership in the Council is granted on the 
basis of training and scientific contributions to the field of cardiovascular disease. It is a require- 
ment that all members of the Scientific Council shall be or become members of the Association. 

The first meeting of the Scientific Council will be held in Chicago in June, 1948, at the time 
of the Annual Scientific Sessions. 


PROCEEDINGS FOR THE AMERICAxN SOCIETY FOR THE STUDY OF 

ARTERIOSCLEROSIS 

These proceedings appeared in the May issue of the American Heart Journal. In order 
that they appear at the earliest possible moment, an explanation of their inclusion in the Journal 
had to be omitted. The American Heart Association, the editors, and the publishers now wish 
to express their appreciation to the American Society for the Study of Arteriosclerosis for the 
privilege of presenting these proceedings. 


THE GEORGE BROWN MEMORIAL LECTURE 

In the announced program of the Twenty-first Scientific Session of the American Heart 
Association, it was stated that the George Brown Memorial Lecture would be given by Dr. 
Edgar V. Allen. Unfortunately, Dr. Allen will be unable to give the lecture because of illness. 
Dr. Irvine H. Page of Cleveland, Ohio, has consented to take Dr. Allen’s place. The title of 
Dr. Page’s lecture is ‘‘On the Nature and Treatment of Shock.” 


FINANCE COMMITTEE 

Formation of a Finance Committee consisting of Mr. Alfred C. Howell, Bethel, Conn.; 
Mr. Robert L. Mehornay, Kansas City, Mo.; Mr. S. DeWitt Clough, Chicago,, 111.; Mr. Emerson 
Foote, New York, N. Y.; and Mr. Samuel Harrell, Indianapolis, Ind., Treasurer, has been ap- 
proved by the Board of Directors. Mr. Howell will serve as Chairman of the Committee. 


CONGRESSIONAL HEARINGS ON HEART DISEASE LEGISLATION 

Representatives of the American Heart Association, including Arlie R. Barnes, M.D., Presi- 
dent; Charles A. R. Connor, M.D., Medical Director; David D. Rutstein, M.D.; and T. Duckett 
Jones, M.D., presented statements at the hearings on Bill S-2215, a bill to prdvide for research 
and control relating to diseases of the heart and circulation, before the Sub-Committee on Health 
of the Committee on Labor and Public Welfare of the United States Senate, on April 8th. 

The Bill, which provides for the formation of a National Heart Institute in the National 
Institute of Health within the United States Public Health Service, received the endorsement 
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of the Association's representatives with several modifications. These mainly concerned the 
functioiis of the National Heart Council, which would be specifically empowered to provide the 
necessary guidance to the Surgeon General of the United States Public Health Service in carrying 
out the provisions of the Bill. 

It w'as recommended that the powers of the National Heart Council be made similar to those 
of the National Advisory Cancer Committee, and that it be authorized to (I) review research 
projects or programs and recommend to the Surgeon General such projects it believed to show- 
promise of making valuable contributions to human knowledge; (2) review applications for grants- 
in-aid of research and demonstration projects and eertify to the Surgeon General its approval of 
such projects; (3) review applications for grants-in-aid for training and instruction and certify 
to the Surgeon General its approval of such applications; and (4) advise, consult with, and make 
recommendations to the Surgeon General with respect to carrying out the provisions of this Act. 

It was also recommended that six of the twelve Council Members be selected from leading 
medical or scientific authorities who are outstanding in the study, diagnosis, and treatment of 
cardiovascular diseases. 

The testimony presented by Doctors Barnes, Connor, Rutstein, and Jones was in accord 
w'ith the action taken by the Executive Committee of the Association on May 5, 1947, in approving 
many of the provisions of the Bill (HR 3762) presented by Representative K. Javits of New York. 

The Javits Bill, as well as other suggested legislation relating to research in diseases of the 
heart and blood vessels, received public hearings before the Committee of Interstate and Foreign 
Commerce of the House of Representatives on May 5 and 6, 1948. Action taken on Senate and 
House bills will be reported in future issues of the Journal. 


PAUL WHITEMAN CONTEST 

Public contributions made to the American Heart Association through the American Council 
on Rheumatic Fever in the Paul Whiteman "Memory Tune Contest” have amounted to approxi- 
mately §25,250. The contest, which was broadcast over the American Broadcasting Company 
network, ran for four weeks beginning March 1. More than 119,000 letters were entered in the 
contest. 


RESEARCH GRANTS 

The Life Insurance Medical Research Fund has announced the award of forty-three grants- 
in-aid of research in the field of cardiovascular disease and fourteen postgraduate fellowships for 
research. The total sum granted for research programs is §484,790. The amount awarded with 
fellowships is §52,600. Postgraduate fellow-ship stipends vary from §2,500 to $4,000. 

These awards bring the total sum made available for aid to medical research by the Life 
Insurance Medical Research Fund since its organization in December, 1945, to approximate! v 
§1,800,000. , , hh . 
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and hypotension, 837* 
neurochemical regulation of (endocrine 
function of arteries), 683* 
tension, y biotipo (Schaposnik), (B. Rev.) 
1017 

trunks, complete transposition of, with 
closed interventricular septum, 151* 
. vasospasm, traumatic, 516* 

Arteriectomy in obliterative arteritis of aged, 
based on 144 observ^ations, 846* 
Arteries, carotid, hypotension in right ventricle 
during occlusion of, 685* 
coronary, of dog, changes in, following in- 
jections of allylamine (Waters), 212 
of infants, 680* 

of “sclerotic” type, experimental anaphy- 
lactic lesions of, commonlj’ asso- 
ciated with rheumatic fever and 
disseminated lupus er\'thematosus, 
1010 * 

major, evaluation of basal vascular tone 
test as indication for sj'mpathec- 
tomy in treatment of surgical lesions 
of, 508* 

of cat, further studies on streamline blood 
flow in, 827* 

Arteriography, abdominal, 1008* 

Arteriolar constriction, generalized, on evi- 
dence for, in coarctation of aorta 
(Hull), 980 

Arteriosclerosis, anatomic consideration in 
study of, (Proc.) 848 

diabetes and, in youth (Root), (Proc.) 860 
effect of, on dynamics of hypertension in 
aged (Zeman and Schwartz), (Proc.) 
857 

metabolic considerations in studv of (Proc.) 
859 

new approach to therapj’^ of: intravenous 
ether (Katz), (Proc.) 869 
obliterans of extremities, changes in coagula- 
bilitj' of blood in (Barker), (Proc.) 
856 

physiological considerations in study of, 
(Proc.) 854 

therapeutic considerations .in study of, 
(Proc.) 865 

Arteriovenous fistula, experimental studies of, 
with regard to development of 
collateral circulation, 844* 
successfu] suture of abdominal aorta for, 
507* 

fistulas, fluorescent wheal test for collateral 
circulation in preoperative evalua- 
tion of patients with aneur 3 'sms and, 
508* 

s 3 TOpathectomy as adjuvant in operative 
treatment of aneur 3 'sms and; -I; 
S 3 -mpathectom 3 ’' performed before 
or at time of operation, 844* 

II. • S 3 "mpathectomy performed after op- 
eration, 845* 
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traumatic, circulatory phj'^siopathology 
of, in man, 154* 

Arteritis, obliterative, arteriectomy in, of 
. aged, based on 144, observations, 
846* _ 

temporal (Protas and Saidman), (Proc.) 867 
Artery, cororipf y, disease i.n woman under age 
of 40, 675* 

sclerosis (II); sudden and unexpected! 
natural death (Rabjson and Hel- 
pern), 635 

disease, coronary, in diabetes mellitus, in- 
cidence and clinical significance of, 
840* 

in women under age of 40, 846* 
transplanted internal mammary, develop- 
ment of anastomosis between cor- 
onary vessels and, 510* 

Asthenia neurocirculator\' studies concerning 
etiology and pathogenesis of; V. 
Introduction of new test for diag- 
nosis and assessment of syndrome 
829* . 

VI. Episodic neurogenic discharge as 
manifestation of syndrome, 830* 
Asthma, new case of fatal attack of : circulatory 
manifestations of asthma, 156* 
Asynchronism of ejection from ventricles, 
electrokymographic studies of (El- 
linger et al.), 971 

Atelectasis, pulmonary, in cardiovascular dis- 
eases, 833* 

Atheromatosis, therapeutic outlooks in (Pol- 
iak), (Proc.) 865 

Atherosclerosis, cholesterol, experimental, in 
rabbit, studies on effect of lipo- 
tropic agents in (Broun et al.), 
(Proc.) 862 

experimental, thyroid and,- in chicken 
(Horlick et al.), (Proc.) 863 
factor in genesis of: hereditary disturbance 
of cholesterol metabolism (Boas et 
al.); 611 

mechanism of lipophage deposition in, 522* 
with thrombotic arterial occlusion, industrial 
disease? (Davis III), (Proc.) 858 
Atrial septal defect: correlation of autopsy 
findings with data obtained by right 
heart catheterization, 517* 

Auricle, left, on oscillographic index in dilata- 
tion of, 834* 

Auricular fibrillation and flutter, intensity and 
duration of action of quinidine 
sulfate in (Wegria), 787 
transient, caused by digitalis, 832* 
flutter, changing intensity of first sound in, 
an aid to diagnosis by auscultation 
(Harvey and Levine), 924 
tachycardia, paroxysmal, at rate of 86 per 
minute (Miller et al.), 134 
Auscultation, aid to diagnosis by, changing 
intensity of first sound in auricular 
flutter (Harvey and Levine), 924 
Autoantibodies, cardiac lesions produced in 
rats by means .of (II); studies on 
pathogenesis of ■ rheumatic fever, 
■512* . . ■ 


to heart, skeletal muscle, and connective 
tissue, experimental production of 
(I); studies on pathogenesis of 
rheumatic fever, 146* 

Autonomic stimulation, effect of Dibenamine 
on, 679* 

A-V conduction, concealed: effect of blocked 
impulses on formation and con- 
duction of subsequent impulses 
(Langendorf), 542 

Axis deviation, right, analysis of causes of, 
based partly on endocardial poten- 
tials of hypertrophied right ven- 
tricle (Kossmann et al.), 309 

Ayerza’s disease, 685* 

B 

B. tularense, subacute bacterial endocarditis 
due to, treated by streptomvcin, 
835* ' 

Bacterial endocarditis, fate of endocardial 
vegetations following penicillin 
treatment of, 846* 

subacute, congenital heart disease with 
terminal cerebral abscess simulat- 
ing, 832* 

contribution to study of penicillin action 
in, 829* 

due to B. tuhirense, treated by strepto- 
mycin, 835* 

successful treatment of, with strepto- 
mycin (Guss), 662 

Ballistocardiogram, abnormal, on later de- 
velopment of heart disease in ap- 
parently healthy persons with; 
eight- to ten-year after-histories 
of ninety persons over 40 years of 
age, 517* 

Ballistocardiograph and electrocardiograph new 
electronic method for simultaneous 
recording of (Brown, Jr., and 
Pearson), 756 

Basal metabolic rate in hypertensive vascular 
disease, 1016* 

state, observations on velocity of blood in 
normal men in, 150* 

B-dimethylaminoethyl benzhydryl ethel hydro- 
chloride (benadryl hydrochloride) 
cardiovascular and respiratory ef- 
fects of anti-histamine agent, 523* 

Beats, fusion, different mechanisms of (Malinow 
and Langendorf), 448 

Beri-beri heart, 832* 

Blood, changes in coagulability of, in arterio- 
sclerosis obliterans of extremities 
(Barker), (Proc.) 856 

circulation, role of pulmonar}' vessels in 
reflex control of, J.49* 

distribution of, in large and mmute vessels, 
circulating red and 'plasma volume 
and, in experimental shock in dogs, 
measured by radioactive isotopes 
of iron and iodine, 1014* 
flow, cutaneous, and blood content in finger 
pad, forearm, arid forehead, rela- 
tions between, 827* 

in extremities of man, effect of local com- 
pression upon (Halperin et al.), 221 
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of human forearm, effect of intra-arterial 
injection of adrenalin upon, 828* 
peripheral, in rabbits with experimental 
hypertension, 681* 

relation between arterial pressure and, 
in foot (Scheinberg et ah), 409 
streamline, in arteries of cat, further 
studies on, 827* 

through vessels in veiri walls, effects on 
venous endothelium of alterations 
in, and possible relation to throm- 
bosis, 835* 

internal jugular, arterialization of , _ during 
hyperventilation as aid in diagnosis 
on intracranial vascular tumors, 
150* 

lipids, study of, in omnivorous animals 
(Stubbs et al.), (Proc.) 853 
observations on velocity of, in normal men 
in basal state, 150* 

of dogs, renin, hypertensinogen, and hyper- 
tensinase concentration of, during 
development of hypertension by 
constriction of renal artery, 828* 
pressure, comparison of, in lying and stand- 
ing positions: study of five hundred 
men and five hundred women 
(Currens), 646 

readings of 75,258 university students, 
840* 

systolic, and pulse rate in traumatic shock, 
study of, 845* 

supply of nerves, effect of occlusiv^e arterial 
diseases of extremities on; experi- 
mental and clinical studies on role 
of vasa nervorum (Roberts), 369 
venous, renal, of normal and hypertensive 
patients at rest, renin content of, 
828* 

vessels, minute, studies on frostbite with 
special reference to treatment and 
effect on, 157* 

volume and “thiocyanate space” of patients 
with essential hypertension, effect 
of lumbodorsal splanchnicectomy 
on, 525* 

Book reviews, 1017 

Brain cortex, influence on respiration of heart 
muscle and (I); metabolic action 
of cardiac glycosides, 524* 

Breath holding as test of phvsical endurance, 
686 * 

Bundle branch block, left, human, respiratorj’^ 
movement as factor in production 
of Q waves in Lead I and in unipolar 
leads from left precordium in 
(Lapin and Sprague), 962 
righL transient, following thoracoplasty, 

C 

Calcium, observations concerning influence 
of, upon actions of digitalis glvco- 
side (Friedman and Bine, Jr.),'984 

Capillary permeability as affected by anoxe- 
_ mja, studies on, 834* 

Carbon dioxide, action of, on tonus of peri- 
pheral vessels, 685* 


Cardiac anoxia as factor determining occur- 
rence of experimental viral carditis, 
515* 

airest, cause of; glossopharyngeal neuralgia 
(Raj'' and Stewart), 458 
under anesthesia, 1010* 
auricles, control of hemorrhage from, by 
gelatin sponge, 678* 

disorders associated with infectious hepa- 
titis, 682* 

edema, relative importance of dietary 
sodium chloride and water intake 
in, 674* 

glycosides, influence of rate of administra- 
tion upon lethal dose of, 515* 
metabolic action of; 1. Influence on 
respiration of heart muscle and 
brain cortex, 524* 

output, cardiac vibrational intensity and 
(Foulger et al.), 953 

in congestive heart failure (Stead, Jr., 
et al.), 529 
in man, 1016* 

some endocrine influences' on renal func- 
tion and, 158* 

oxi'gen metabolism and control of coronary 
circulation, 686* 

pain, therapy directed at somatic component 
of (Rinzler and Travell), 248 
vibrational intensity and cardiac output 
(Foulger et al.), 953 

Cardiological anoxemia test with special ref- 
erence to its standardization, 831* 
Cardiologj', primer of (Burch and Reaser), 
(B. Rev.) 1021 

Cardiopathy of Friedreich’s disease, 155* 
Cardiovascular and respiratory effects of anti- 
histamine agent B-dimethylamin- 
oethyl benzhydryl ethel hydrochlo- 
ride (benadryl hydrochloride), 523* 
diseases, pulmonao' atelectasis in, 833* 
semeiologia (Carral and de Teresa), (B. 
Rev.) 1028 

sensitivity to potassium in rat, effect of 
.adrenocortical and srTOpathicoad- 
renal factors on, 686* 
syphilis, penicillin in, 841* 
system, effects on, of fluids administered 
intravenously in man, 841* 

Carditis, necessity and possibility of giving 
detoxified large oral doses of salicy- 
lates in treatment of rheumatic 
fever in order to prevent or cure 
inflammatory stage of, 682* 
viral, experimental, cardiac anoxia as factor 
determining occurrence of, 515* 
Caronamide, compound that inhibits penicillin 
excretion by renal tubules, applied 
to treatment of subacute bacterial 
endocarditis, 680* 

Carotid sinus syndrome, carotid body tumor 
in association with, 678* 

Catabolism, increased, following acute myocar- 
dial infarction, 1015* 

Catheterization, heart, right, correlation of 
autopsy findings with data obtained 
by; atrial septal defect, 517* 
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venous, of heart; I. Indications, techniques, 
and errors, 506* 

II. Results, interpretations, and value, 
507* ... 

Cellular pathology of endothelium (Altschul), 
(Proc.) 848 

Cerebral abscess, terminal, simulating suba- 
cute bacterial endocarditis, con- 
genital heart - disease with, 832* 
changes, circulatory and, and protective 
aids during exposure to acceleratory 
■ forces, 827* ,, 

Chagas, a doenca de, na Bahia (Ponde’), 
(B. Rev.) 1018 . 

Children, rheumatic, diagnosis of mitral in- 
sufficiency in (Kuttner and Mark- 
owitz), 718 

Cholesterol and cholesterol ester levels in 
acute myocardial infarction (Mor- 
rison et al.), (Proc.) 866 
atherosclerosis, experimental, -in rabbit, 
studies of effect of lipotropic agents 
in (Broun et al.), (Proc.) 862 
.metabolism, hereditary disturbance of: factor 
in genesis of atherosclerosis (Boas 
et al.), 611 

Circolo, tempi di, e velocita distrettuale di 
corrente (FrancavigUa and Tur- 
chetti), (B. Rev.) 1018 

Circulation, collateral, experimental studies 
of arteriovenous fistula with regard 
to development of, 844* 
coronar}'’, cardiac oxygen metabolism and 
control of, 686* 

studies on; III. Collateral circulation of 
beating human and dog hearts with 
coronary occlusion (Prinzmetal et 
al.), 689 

in man, effect of ergot derivatives on, with 
special reference to two new hydro- 
genated compounds (dihydroergo- 
tamine and dihydroergocornine) 
(Bluntschli and Goetz), 873 

Circulatory and cerebral changes and protec- 
tive aids during exposure to accei- 
eratory forces, 827* 

changes produced by clamping of thoracic 
aorta, 836* 

respiratory and, during acclimatization 
to high altitude, 1015* 
system in acromegaly, peculiarities of, 829* 

COj 7.6 and 10.4 per cent, respiratory and 
circulatory response of normal man 
to inhalation of, with comparison 
of maximal ventilation produced by 
severe muscular exercise, inhalation 
of COj, and maximal voluntary 
. hyperventilation, 156* 

Coagulability of blood, changes in, in arter- 
iosclerosis obliterans of extremities 
(Barker), (Proc.) 856 

Coarctation of aorta, 837* 

on evidence for generalized arteriolar 
constriction in (Hull), 980 
tonoscillography after exercise in peri- 

. . pheral vascular disease and (Ejrup), 

41 . 


Collateral circulatipn, fluorescent wheal test 
for,_ in preoperative evaluation of 
patients with aneurj'sms and arter- 
iovenous fistulas, 508* 
of beating human and dog hearts with 
coronary occlusion (III); studies of 
coronary circulation (Prinzmetal 
et al.), 689 

Compression, local, effect of, upon blood flow 
in extremities of man (Halperin et 
al.), 221 

Conduction, A-V, concealed: effect of blocked 
impulses on formation and conduc- 
tion of subsequent impulses (Lang- 
endorf), 542 

Congenital heart disease, Wolff-Parkinson- 
Whitfe syndrome in case of (Stein), 
140, 

malformations of heart (Taussig), (B. Rev.) 

1022 

pulmonary stenosis (Lowance et al.), 820 

Congestion, pulmonary, experimental, dimin- 
ished efficiencj’^ and altered dy- 
namics of respiration in (Heyer et 
al.), 463 

Congestive failure, mild or moderate, in valvu- 
lar heart disease and normal thyroid 
function, treatment of; subtotal 
thyroidectomy, 833* 

heart failure, cardiac output in (Stead, Jr,, 
et al.), 529 

chronic, behavior of venous pressure 
during various stages of (Gibbons), 
553 

efficacy of maintenance doses of dig- 
talis in preventing recurrence of, 
1013* 

splenomegaly in, 847* 

Constriction, arteriolar, generalized, on evi- 
dence for, in coarctation of aorta 
(Hull), 980 

Constrictive pericarditis, neoplastic involve- 
ment of pericardium producing 
syndrome of (FiScher), 813 

Cor pulmonale, chronic, electrocardiogram in 
(Zuckermann et al.), 421 

Cornell conference on therapy, vol. II (Gold 
et al.), (B. Rev.) 1020 

Coronary arteries of dog, changes in, following 
injections of allylamine (Waters), 
212 

of infants, 680* 

of "sclerotic” type, experimental anaphy- 
lactic lesions of, commonly asso- 
ciated with rheumatic fever and 
disseminated lupus erythematosus, 
1010 * 

artery disease, gumma of, myocardial in- 
farction and gumma of heart, 1008* 
in diabetes mellitus, incidence and clinical 
significance of, 840* 
in women under age of 40, 675,* 846* 
sclerosis (II); sudden and unexpected 
natural death (Rabson and Hel- 
pern), 635 

circulation, cardiac oxygen metabolism and 
control of, 686* 

studies on; III. Collateral circula- 
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tion of beating human and dog 
hearts with coronary occlusion 
(Prinzmetal et al.), 689 
disease, heart and, seasonal variations in, 
as related to various environmental 
factors (Brown, Jr., and Pearson), 
763 

survey of recent developments concerning 
concepts of, and its management, 
1009* 

occlusion, effect of Demerol, ergotamine, and 
dihydroergotamine on mortality 
after, in dogs, 683* 

experimental anoxia, and hemorrhagic 
shock, terminal electrocardiographic 
patterns in (Harris), 895 
use of Dicumarol in; I. Ineffectiveness 
of Dicumarol when ligation is 
method of occlusion (Beattie et 
al.), 94 

spinal nerve root pain (radiculitis) simulat- 
ing: common syndrome (Davis), 70 
sclerosis in chickens, medial degeneration 
as primary lesion in (Paterson et 
al.), (Proc.) 852 

thrombosis in young woman 19 years of 
age, death following (EVans and 
Graybiel), 485 

pathophysiology of cause of death from, 
839* 

vessels and transplanted internal mammary 
artery, development of anastomosis 
between, 510* 

Cramps, night, in human extremities (Moss and 
Herrmann), 403 

Cutaneous blood flow and blood content in 
finger pad, forearm, and forehead, 
relations between, 827* 

Cyanoses, unreliability of, in recognition of 
arterial anoxemia, 144* 

Cystic medionecrosis of aorta, 1007* 

D 

Death following coronary thrombosis in 
young woman 19 years of age 
(Evans and Graybiel), 485 
natural, sudden and unexpected; II. Cor- 
onary 'artery sclerosis (Rabson and 
Helpern), 635 

Demerol, ergotamine, and dihydro-ergotamine, 
effect of, on mortality after cor- 
onary occlusion in dogs, 683* 
morphine and, antidiuretic effect of, in con- 
gestive heart failure, 526* 

Derivacoes unipolares das e.xtremidades con- 
tribuicao ao estudo dos seus as- 
pectos normals (de melo), (B. Rev.) 
1017 

Desoxycorticosterone acetate, pressor activity 
of, in normotensive and hyperten- 
sive subjects, 521* 

Diabetes and arteriosclerosis in youth (Root), 
(Proc.) 860 

mellitus, clinical evaluation of vascular 
damage in, 830* 

incidence and clinical significance of 
coronary artery disease in, 840* 


myocardial infarction in 12-year-old boy 
with (Shivelhood), 655 

Dibenamine, effect of, on autonomic stimula- 
tion, 679* 

Dicumarol poisoning with relapse, 836* 
use of, as anticoagulant, 520* 

in experimental coronary occlusion; I. 
Ineffectiveness of Dicumarol when 
ligation is method of occlusion 
(Beattie et al.), 94 

Differential theory of electrocardiogram, new 
studies on, 509* 

Digitalis, effects of oxygen, venesection, and, 
in chronic heart failure from disease 
of the lungs, 514* 

efficacy of maintenance doses of, in prevent- 
ing recurrence of congestive heart 
failure, 1013* 

glycoside (lanatoside C), observations con- 
cerning influence of potassium upon 
action of, 1013* 

observations concerning influence of cal- 
cium upon actions of (Friedman and 
Bine, jr.), 984 

glycosides, action of, on central nervous 
system with special reference to con- 
vulsant action of red squill, 523* 
transient auricular fibrillation caused by, 
832* 

Dihydroergocornine, dihydroergotamine and: 

effect of ergot derivatives on cir- 
culation in man with special ref- 
erence to two new hydrogenated 
compounds (Bluntschli and Goetz), 
873 

Dihydroergotamine and dihydroergocornine: 

effect of ergot derivatives on cir- 
culation in man with special ref- 
erence to two new hydrogenated 
compounds (Bluntschli and Goetz), 
873 

Dihydro-ergotamine, effect of Demerol, ergota- 
mine and, on mortality after cor- 
onary occlusion in dogs, 683* 

Dihydroquinidine, synthetic quinidine, com- 
mercial quinidine, and quinine, 
relative value of, in control of 
cardiac arrhythmias, 512* 

Diodrast Tm changes, renal vascular and, with 
age (Davies) (Proc.) 854 

Dog, changes in coronary arteries of, following 
injections of allylamine (Waters), 
212 

Ductus arteriosus, pathologic significance of, 
843* 

Dynamics, altered, diminished efficiency and 
of respiration in experimental pul- 
monary congestion (Heyer et al.), 
463 

E 

Edema, cardiac, relative importance of dietary 
sodium chloride and water intake 
in, 674* 

Efficiency, diminished, and altered dynamics 
of respiration in experimental pul- 
monary congestion (Heyer et al.), 
463 
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Effusion, pericardial, due, to hemolytic strep- 
tococcus following acute upper res- 
piratory infection; associated pleu- 
ral effusions (Rinzlcr and Leibo- 
witz), 490 

Eisenmenger’s complex, tricuspid atresia, trans- 
, positipn of great vessels, and single 
ventricle: four impprtant congenital 
cardiac conditions causing cyanosis 
to be differentiated from tetralogy 
of Fallot, 145* 

Ejection from ventricles, electrokymographic 
studies of asynchronism of (Ellinger 
et al.), 971 

Electrocardiogram, alterations in form of, 
in patients with mental disease, 145* 
and state of physical condition, 826* 
in chronic cor pulmonale (Zuckermann et 
al.), 421 
in silicosis, 832* 

new studies on differential theory of, 509* 
nomogram for rate correction of Q-T interval 
in (Kissin et al.), 990 

of man, effect of antimony compounds, 
Fuadin and tartar emetic, on; 
study of changes encountered in 141 
patients treated for schistosomiasis, 
1014*. 

in semistarvation and subsequent rehab- 
ilitation (Simonson et al.), 584 
precordial, note on importance of proper 
technique in recording of (Ziegler), 
769 

prolongation of Q-T interval in, occurring 
as temporary functional disturb- 
ance in healthy persons (Horwitz 
and Graybiel), 480 

S-wave pattern, clinical analj'sis of (Fershing 
and Baker), 106 

terminal: twenty-three case reports and 
review ’ of literature (Stroud and 
Feil), 910 

Electrocardiograms, precordial, aid for taking 
(Riseman), 643 

Electrocardiograph, ballistocardiograph and, 
new electronic method for simul- 
taneous recording of (Brown, Jr., 
and Pearson), 756 

■Electrocardiographic abnormalities in case of 
uremia manifesting hyperpotas- 
semia (Tarail), 665 

changes following air encephalograms, 511* 
■ in pulmonary collapse therapy; I. Arti- 
ficial pneumothorax (Feldman and 
Silver berg), 800 

induced by cooling or warming inner sur- 
face of dog’s ventricle, 157* 
so-called ‘‘infarction type,” following 
• _ ' paroxysmal tachycardia, 522* 

diagnosis of right ventricular hypertrophy 
(Myers et al.), 1 

effects, immediate, of circumscribed myo- 
cardial injuries: experimental study 
(Pruitt and Valencia), 161 
findings in leukemia, 147* 
patterns, terminal, in experimental anoxia, 
coronary occlusion, and hemor- 
rhagic shock (Harris), 895 


Electrocardiography, unipolar lead (Gold- 
berger), (B. Rev.) 1029 

Electrokymographic studies of asjmchronism 
of ejection from ventricles (Ellinger 
et al.), 971 

Electrokymography: fluorocardiography ; I. 

Technical aspects (Luisada et al.), 
336 

II. Observations on normal subjects 
(Luisada et al.), 348 

Electronic method, new, for simultaneous 
recording of ballistocardiograph 
and electrocardiograph (Brown, 
Jr., and Pearson), 756 

Embolism, pulmonary, by amniotic fluid, 152* 
intravenous oxj'gen and, 152* 

Embolization, pulmonary, peripheral, venous 
thrombosis and; I. Diagnosis of 
venous thrombosis in lower ex- 
tremities, 147* 

Encephalograms, air, electrocardiographic 
changes following, 511* 

Endocardial potentials of hj'pertrophied right 
ventricle, analysis of causes of right 
axis deviation based partly on 
(Kossmann et al.), 309 
vegetations, fate of, following penicillin 
treatment of bacterial endocarditis, 
846* 

Endocarditis, bacterial, subacute, Caronamide, 
compound that inhibits penicillin 
excretion by renal tubules, applied 
to treatment of, 680* 
successful treatment of, with strep- 
tomycin (Guss), 662 

due to Type B Hemophilus influenzae in- 
volving only tricuspid valve, 148* 

Endocrine influences, some, on renal function 
and cardiac output, 158* 

Endothelium, cellular pathology of (Altschul), 
(Proc.) 848 

Endurance, physical, breath holding as test of, 
686 * 

Enterococcus endocarditis, subacute, chemo- 
therapy of, 838* 

Environmental factors, various, seasonal varia- 
tions in heart and coronary disease 
as related to (Brown, Jr., and Pear- 
son), 763 

Ergot derivatives, effect of, on circulation in 
man with special reference to two 
new hydrogenated compounds (di- 
hydroergotamine and dihydroergo- 
cornine) (Bluntschli and Goetz), 
873 

Ergotamine, Demerol, and dihydro-ergotamine, 
effect of, on mortality after cor- 
onary occlusion in dogs, 683* 

Erythematosus, lupus, disseminated, and dif- 
fuse scleroderma, 148* 

Erythrocytes, circulating, effect of adrenalin 
injected intravenously on volume 
of, 154* 

Esophageal leads, precordial and, relation of 
unipolar limb leads to (Myers and 
Klein), 727 

tear, simulation of myocardial infarction by, 
524* 
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Ether, intravenous; new approach to therapy 
of arteriosclerosis (Katz), (Proc.) 
869 

Exercise, muscular, severe, inhalation of CO 2 , 
and maximal voluntary hyperven- 
tilation, respiratory and circulatory 
response of normal man to inhala- 
tion of 7.6 and 10.4 per cent CO 2 
with comparison of maximal ven- 
tilation produced by, 156* 
tonoscillography after, in peripheial vascular 
disease and coarctation of aorta 
(Ejrup), 41 

Extrasj'stoles in groups (Scherf and Romano), 
81 

Extremities, effect of occlusive arterial diseases 
of, on blood supply of nerves; 
experimental and clinical studies 
on role of vasa nervorum (Roberts), 
369 

human, night cramps in (Moss and Herr- 
mann), 403 

lower, on venography of, 155* 
of man, effect of local compression upon 
blood flow in (Halperin et al.), 211 

F 

Failure, heart, congestive, cardiac output in 
(Stead, Jr., et al.), 529 
chronic, _ behavior of venous pressure 
during various stages of (Gibbons), 
553 

hemochromatosis with death from (Tucker, 
Jr., et al.), 993 

Familial incidence of rheumatic fever; I. 

Discussion of relationship between 
positive family history and de- 
velopment of rheumatic fever in 
individuals of military age (Griffith 
et al.), 438 

II. Statistical study of familial and 
personal history of rheumatic fever 
(Griffith et al.), 444 

Family history, positive, and development 
of rheumatic fever in individuals of 
military age, discussion of relation- 
ship between (I); familial incidence 
of rheumatic fever (Griffith et al.), 
438 

Fat depositing mechanism, studies on (Simms 
and Parshley), 859 

Fibrillation and flutter, auricular, intensity 
and duration of action of quinidine 
sulfate in (Wegria), 787 

Fistulas, arteriovenous, traumatic, circulatory 
physio-pathology of, 154* 

Flebografia, varices su , tratamiento basado 
en la (martorell), (B. Rev.) 1017 

Fluorescein studies in peripheral vascular dis- 
orders, 525* 

Fluorocardiography (electrokymography); I. 

Technical aspects (Luisada et al.), 
336 

II. Observations on normal subjects 
(Luisada et al.), 348 

Flutter, auricular, changing intensity of first 
sound in, an aid to diagnosis by 


auscultation (Harvey and Levine), 
924 

fibrillation and, intensity and duration of 
action of quinidine sulfate in 
(Wegria), 787 

Foot, immersion, experimental, functional 
pathology of (Lange et al.), 238 

relation between arterial pressure and 
blood flow in (Scheinberg et al.), 
409 

Fragility tests, vascular, three, experience 
with, in hypertension (Schweppe), 
393 

Friedreich's disease, cardiopathy of, 155* 
Frostbite, studies on, with special reference 
to treatment and effect on minute 
blood vessels, 157* 

Fuadin and tartar emetic^ antimony com- 
pounds, effect of, on electocardio- 
gram of man; study of changes en- 
countered in 141 patients treated 
for schistosomiasis, 1014* 
Functional disturbance, temporar}', in healthy 
persons, prolongation of Q-T in- 
terval in electrocardiogram occur- 
ring as (Horwitz and Graybiel), 480 
Fusion beats, different mechanisms of (Malinow 
and Langendorf), 448 

G 

Gall bladder distention, effects of, on normal 
heart and heart with experimental 
infarction, 834* 

Glomerulonephritis and rheumatic fever, path- 
ogenesis of, 514* 

Glossopharyngeal neuralgia: cause of cardiac 
arrest (Ray and Stewart), 458 
Glycogen storage (von Gierke’s) disease pre- 
dominantly involving heart, 526* 
Glycoside, digitalis, observations concerning 
influence of calcium upon actions 
of (Friedman and Bine, Jr.), 984 
Glycosides, cardiac, influence of rate of ad- 
ministration upon lethal dose of, 
515* 

new, some, and esters of strophanthidin, 
digitalis-like action of, 513* 

Gumma of coronary artery, myocardial in- 
farction and gumma of heart, 1008* 

H 

Heart and coronary disease, seasonal variations 
in, as related to various environ- 
mental factors (Brown, Jr., nnd 
Pearson), 763 

and intestine, action of basic amino acids 
on, 515* 

associations, local, importance of, in 1948 
campaign, 159 

beri-beri, 832* 

congenital malformations of (Taussig), (B. 
Rev.) 1022 

contusion of, with late rupture of left ven- 
tricle, 682* 

disease, congenital, with terminal cerebral 
abscess simulating subacute bac- 
terial endocarditis, 832* 
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Wolff-Parkinson- White syndrome in case 
of (Stein), 140 

on later development of, in apparently 
healthy persons with abnormal 
ballistocardiograms; eight- to ten- 
year after-histories of ninety per- 
sons over 40 3 'ears of age, 517* 
post-partal, 675* 

rheumatic, determination of prognosis of 
pregnancy in (Bunim and Rubri- 
cius), 282 

failing, sj'stem for routine treatment of, 
1012 * 

, failure, chronic, from disease of lungs, effects 
of oxygen, venesection, and digi- 
talis in, 514* 

congestive, antidiuretic effect of morphine 
and demerol in, 526* 
cardiac output in (Stead, Jr., et ah), 529 
chronic, behavior of venous ‘ pressure 
during various stages of (Gibbons), 
553 . 

efficacy of maintenance doses of digi- 
talis in preventing recurrence of, 
1013* , - , 

hydrothorax in, -517* 
splenomegaly in, 847* ■ 
hemochromatosis with death from (Tucker, 
Jr., et ah), 993 

glycogen storage (von Gierke's) disease pre- 
dominantly involving, 526* 
gumma of, gumma of coronary artery, myo- 
cardial infarction and, 1008* 
human, sensory nerves of, 842* . 
size and function of, at rest in semistarva- 
tion and in subsequent rehabilita- 
tion, 827* 

in hypertension, influence of supradiaphrag- 
matic splanchnicectomy on (Isberg 
and Peet), 567 

in toxemia of pregnancy, 684* 
measurement of total transverse diameter 
of, by direct percussion (Stroud 
et ah), 780 

muscle and brain cortex, influence on res- 
piration of (I) ; metabolic action of 
cardiac glycosides, 524* 
normal, and heart with experimental in- 
farction; effects of gall bladder 
distention on, 834* 
rate in malaria, 522* 

rupture of, following acute m 5 '^ocardial in- 
farction (Diaz-Rivera and Miller), 
126 

trauma; myocardial involvement (contusion) 
following nonpenetrating injury to 
chest (airplane accident), 146* 
venous catheterization of; I. Indications, 
techniques, and errors, 506* 

II. Results, interpretations, and value, 
507* 

Hearts, human and dog, beating, with cor- 
onary occlusion, collateral circula- 
tion of (III); studies on coronary 
circulation (Prinzmetal et ah), 689 
Hemochromatosis with death from heart failure 
. (Tucker, Jr., et ah), 993 
Hemolytic streptococcus, pericardial effusion 


due to, following acute upper res- 
piratory infection; associated pleu- 
ral effusions (Rinzler and Leibo- 
witz), 490 

Hemophilus influenzae, T 3 'pe B, involving 
only tricuspid valve, endocarditis 
due to, 148* 

Hemorrhage from cardiac auricles, control of, 
bi"- gelatin sponge, 678* 

Hemorrhagic shock, terminal electrocardio- 
graphic patterns in experimental 
anoxia, coronary occlusion, and 
(Harris), 895 

Heparin, aqueous, concentrated; new form 
of intramuscular administration, 

149 * 

origin and plij^siology of; specific therapy 
in thrombosis, 520* 

tolerance test, response of persons with and 
without intravascular thrombosis 
to (Hagedorn and Barker), 603 

Heparin-dicumarol therapj^ combined, of myo- 
cardial infarction (Glueck et ah), 
269 

Heparin/Pitkin menstruum, anticoagulation 
therapy with, in thromboembolic 
disease, 679* 

Hepatitis, infectious, cardiac disorders asso- 
ciated with, 682* 

Hereditary disturbance of cholesterol meta- 
bolism: factor in genesis of ather- 
osclerosis (Boas et ah), 611 

H 3 ’’drogenated compounds, two new, (dihydro- 
ergotamine and dihydroergocor- 
nine), effect of ergot derivatives on 
circulation in man with special 
reference to (Bluntschli and Goetz), 
873 

Hj'drothorax in congestive heart failure, 517* 

Hyperpotassemia, electrocardiographic abnor- 
malities in case of uremia manifest- 
ing (Tarail), 665 

Hypertensinase concentration, renin, hyper- 
tensinogen, and, of blood of dogs 
during development of hj'perten- 
sion by constriction of renal arterj", 
828* 

Hypertensinogen, renin, and hj'pertensinase 
concentration of blood of dogs dur- 
ing development of hj^pertension 
by constriction of renal artery', 828* 

Hypertension, arterial, . dosage of circulating 
renin in, 833* 

in child, cured by nephrectomj', 681* 

pathogenic patterns of (Roab), (Proc.) 
849 

right ventricular pressure in, 833* 
changes in plasma protein pattern (Tiselius 
electrophoretic technique) of pa- 
tients with, and dogs with experi- 
mental renal hypertension, 676* 
essential, effect of lumbodorsal splanchni- 
cectomy on blood volume and 
"thiocyanate space” of patients 
with, 525* 

factors limiting surgery for, 839* 
experience with three vascular fragility tests 
in (Schweppe), 393 
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experimental, peripheral blood flow in rab- 
bits with, 681* . 

in aged, effect of arteriosclerosis on d 3 'namics 
of (Zeman and Schwartz), (Proc.) 
857 

influence of supradiaphragmatic splanchni- 
cectomy on heart in (Isberg and 
jPeet), 567 

management of, 1006* 
nonrenal, 510* 

renal, experimental, in dogs, note on effect 
of vitamin K-like quinone upon, 
525* 

renin, hypertensinogen, and hj'pertensinase 
concentration of blood of dogs 
during development of, by constric- 
tion of renal arterj', 828* 
surgical treatment of, “neurogenic” versus 
renal hypertension from standpoint 
of operabilit}'^, 511* 

Hypertensive dogs, action of N, N-dibenzjd- 
beta-chloroethylamine (dibena- 
mine) in, 512* 

subjects, normotensive and, pressor activity' 
of desoxj'corticosterone acetate in, 
521* 

vascular disease, basal metabolic rate in, 
1016* 

Hj'perthyroidism, aortic stenosis with elevated 
metabolic rate simulating, 1016* 
Hj'pertrophied right ventricle, analysis of 
causes of right anxis deviation 
based partly on endocardial poten- 
tials of (Kossmann et al.)i 309 
Hypertrophy, ventricular, right, electrocardio- 
graphic diagnosis of (M}'ers eta!.), 1 
Hyperventilation, arterialization of internal 
jugular blood during, as aid in 
diagnosis of intracranial vascular 
tumors, 150* 

voluntary, maximal, respiratory and circula- 
tory response of normal man to 
inhalation of 7,6 and 10.4 per cent 
COj with comparison of maximal 
ventilation produced by severe 
muscular exercise, inhalation of 
QOz, and, 156* 

Hj'potension in right ventricle during occlusion 
of carotid arteries, 685* 
oligemia and, changes in plasma volume and 
mean arterial pressure after intra- 
venous injection of concentrated 
human serum albumin in thirty- 
eight patients with, 837* 

Hypoxemia tests, positive, one hundred, 154* 

I 

Immersion foot, experimental, functional path- 
ology of (Lange et al.), 238 
Impulses, blocked, effect of, on formation and 
conduction of subsequent impulses: 
concealed A-V conduction (Lang- 
endorf), 542 

Industrial disease, is atherosclerosis with thToin- 
arterial occlusion? (Davis, 
III), (Proc.) 858 


Infarction, anterior wall, variations in devia- 
tions of S-T in (Dressier and 
Roesler), 58 

experimental, effeqts of gall bladder disten- 
tion on normal heart and heart 
with, 834* 

mj'ocardipl, acute, cholesterol and choles- 
terol ester lervels in (Morrison et 
al.), (Proc.) 866 

rupture of heart following (Diaz-Rivera 
and Miller), 126 

combined heparin-Dicumarol therap\' of 
(Glueck et al.), 269 

in 12-year-old boy with diabetes (Shivel- 
hood), 655 

Wolff-Parkinson-White sjmdrome with: 
experimental study (Tamagna et 
al.), 948 

Infartos del miocardio, el gradiente ventricular 
• y el componente anormal en el 
diagnostico de, 825* 

Injuries, myocardial, circumscribed, immediate 
electrocardiographic effects of: ex- 
perimental study (Pruitt and Valen- 
cia), 161 

Insufficiency, aortic, syphilitic, interatrial 
septal defect associated with (Lip- 
son), 497 
prognosis of, 674* 

mitral, in rheumatic children diagnosis of 
(Kuttner and Markowitz), 718 

Inter-American Cardiological Congress, III, 
527 

Interatrial septal defect associated with syph- 
ilitic aortic insufficiency (Lipson), 
497 

Interventricular septum, closed, complete 
transposition of arterial trunks 
with, 151* 

Intestinal perfusion in treatment of uremia, 
516* 

Intestine, action of basic amino acids on heart 
and, 515* 

Intra-abdominal pressure, further studies on 
acute effects of, 506* 

Intravascular thrombosis, response of persons 
with and without, to heparin 

, tolerance test (Hagedorn and Bar- 

ker), 603 

Intravenous ether: new approach to therapj' 
of arteriosclerosis (Katz), (Proc.) 
869 

Iodine, radioactive isotopes of iron andi 
circulating red and plasma volume 
and distribution of blood in large 
and minute vessels in experimental 
shock in dogs, measured by, 1014* 

Iron and iodine, radioactive isotopes of, cir- 
culating red and plasma volume 
and distribution of blood in large 
and minute vessels in experimental 

" shock in dogs, measured by, 1014* 

Ischemic pains of occlusive arterial diseases, 
its action on: experiences with new 
synthetic analgesic, Amidqne (Pop- 
kin), 793 
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L 

Lanatoside C, digitalis glycoside, observations 
concerning influence of potassium 
upon action of, 1013* 

Lead I, respiratory movement as factor in 
production of Q waves in, and in 
unipolar leads from left precordium 
in human left bundle branch block 
(Lapin and Sprague), 962 
Leads, limb, unipolar, relation of, to precordial 
and esophageal leads (Myers' and 
. . . Klein), 727 

unipolar, lespiratory movement as factor 
in production of Q waves in Lead I 
and in, from left precordium in 
human left bundle branch block 
(Lapin and Sprague), 962 
Lesions, anaphylactic, experimental, of cor- 
onarj’’ arteries, of “sclerotic” type, 
commonly associated with rheu- 
matic fever and disseminated lupus 
erythematosus, 1010* 

Leukemia, electrocardiographic findings in, 147* 
Ligation is method of occlusion-, ineffectiveness 
of Dicumarol when (I); use of 
Dicumarol in experimental cor- 
onary occlusion (Beattie et al.), 94 
Limb leads, unipolar, relation of, to pre- 
cordial and esophageal leads (Myers 
and Klein), 727 

Lipids, blood, study of, in omnivorous animals 
(Stubbs et al.), (Proc.) 853 
Lipophage deposition in atherosclerosis, mech- 
anism of, 522* 

Lipotropic agents, studies on effect of, in 
experimental cholesterol athero- 
sclerosis in rabbit (Broun et al.), 
(Proc.) 862 

Luetic mesaortitis, descending myocarditis 
subsequent to, 840* 

Lungs, observations on effects on, of respira- 
tory air flow resistance in dogs with 
special reference to vagotomy (Zin- 
berg et al.), 774 

Lupus erythematosus, disseminated, experi- 
mental anaphylactic lesions of 
coronary' arteries of “sclerotic” 
type, commonly associated with 
rheumatic fever and, 1010* 

' ' M 

. Malaria, heart rate in, 522* 

Medial degeneration as primary lesion in 
■ coronary sclerosis in chickens (Pat- 
erson et al.), (Proc.) 852 
Mediastinal tumor and aneurysm, differentia- 
tion of, by angiocardiography, 847* 
Medionecrosis, cj^stic, of aorta, 1007* 

Mental disease, alterations in form of electro- 
cardiogram in patients with, 145* 
Mercurial diuretic (“Neptal”), sudden death 
after intravenous injection of, 843* 
organic, influence of- certain sulfhydryl 
compounds on toxicit}' of, 155* 
Mesaortitis, luetic, descending myocarditis 
subsequent to, 840* 

Mesothelioma, primary, of pericardium, 841* 
Metabolic action of cardiac .glycosides; I, 


Influence of respiration of heart 
muscle and brain cortex, 524* 
processes, relation of, to onset of degenera- 
tion, study of rate of oxygen con- 
sumption in patients wjth arterial 
degeneration and consideration of 
(Chieffi and Kountz), (Proc.) 864 
rate, elevated, aortic stenosis with, simulat- 
ing hyperthyroidism, 1016* 

Metabolism, cholesterol, hereditary disturbance 
of; factor in genesis of athero- 
sclerosis (Boas et al.), 611 
oxygen, cardiac, and control of coronary 
circulation, 686* 

Military age, discussion of relationship between 
positive family history and de- 
velopment' of rheumatic fever in 
individuals of (I) ; familial incidence 
of rheumatic fever (Griffith et al.), 
438 

Miocardio, los infartos del, el gradjente ven- 
tricular y el componente anormal 
en el diagnostico de, 825* 

Mitral insufficiency in rheumatic children, 
diagnosis of (Kuttner and Marko- 
witz), 718 

stenosis, new concepts concerning treatment 
of, 683* 

Morphine and demerol, antidiuretic effect 
of, in congestive heart failure, 526* 

Myocardial infarction, acute, case of, without 
acute coronary artery occlusion 
(acute coronary insufficiency with- 
out acute occlusion), 838* 
cholesterol and cholesterol ester levels 
in (Morrison et al.), (Proc.) 866 
increased catabolism following, 1015* 
rupture of heart following (Diaz- 
Rivera and Miller), 126 
and gumma of heart, gumma of coronary 
artery, 1008* 

combined heparin-Dicumarol therapy of 
(Glueck et al.), 269 

in '12-year-old boy with diabetes (Shivel- 
hood), 655 

sedimentation rate in, 147* 
simulation of, by esophageal tear, 524* 
“trophic” ulcers of hands complicating, 
518* 

Wolff-Parkinson-White syndrome with: 
experimental stud}' (Tamagna et 
al.), 948 ' 

injuries, circumscribed, immediate electro- 
cardiographic effects of; experi- 
' mental study (Pruitt and Valencia), 

161 

Myocarditis, descending, subsequent to luetic 
mesaortitis, 840* 

N 

Negro patients, white and, comparative study 
of thromboangiitis obliterans in, 
1012 * 

Neoplastic involvement of pericardium pro- 
ducing syndrome of constrictive 
pericarditis (Fischer), 813 

Nephrectomy, arterial hypertension in child, 
cured by, 681* 
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“Neptal”, mercurcial diuretic, sudden death 
after intravenous injection of, 84a 

Nerve, spinal, root pain (radiculitis) simulating 
coronary occlusion: common syn- 
drome (Davis), 10 

Nerves, effect of occlusive arterial diseases of 
extremities on blood supply of; 
experimental and clinical studies on 
role of vasa nervorum (Roberts), 
369 

sensory, of human heart, 842* 

Nervous system, central, action of digitalis 
glycosides on, with special reference 
to convulsant action of red squill, 
523* 

Neuralgia, glossopharyngeal; cause of cardiac 
arrest (Ray and Stewart), 458 

Neurochemical regulation of arterial pressure 
(Endocrine function of arteries), 
683* 

Neurocircujatory asthenia, studies concerning 
etiology and pathogenesis of ; V. 
Introduction of new test for diag- 
nosis and assessment of s 3 'ndrome, 
829* 

VI. Episodic neurogenic discharge as 
manifestation of sjmdrome, 830* 

Neurogenic discharge, episodic, as manifesta- 
tion of sjmdrome (VI): studies con- 
cerning etiology and pathogenesis of 
neurocirculatory asthenia, 830* 

"Neurogenic” versus renal hj'pertension from 
standpoint of operability, surgical 
treatment of hypertension, 511* 

Newborn, paroxj'smal tachj'cardia in (Werner 
et al.), 1001 

N, N-dibenzyl-beta-chloroethylamine (dibena- 
mine), action of, in hypertensive 
dogs, 512* 

Normotensive and hypertensive subjects, pres- 
sor activity of desoxycorticostcrone 
acetate in, 521* 

Nutrition, reduced, of vessel walls as result of 
intravascular agglutination (Knis- 
ely), (Proc.) 855 

O 

Occlusion, acute coronary artery, case of acute 
myocardial infarction without, 
(acute coronarj-^ occlusion without 
acute occlusion), 838* 

arterial, thrombotic, is atherosclerosis with, 
industrial disease? (Davis, III), 
(Proc.) 858 

coronary, collateral circulation of beating 
human and dog hearts with (III); 
studies on coronarj' circulation 
(Prinzmetal et al.), 689 
effect of Demerol, ergotamine, and dihy- 
dro-ergotamine on mortalitj' after, 
. m dogs, 683* 

experimental anoxia, and hemorrhagic 
shock, terminal electrocardiographic 
patterns in (Harris), 895 
use of Dicumarol in; I. Ineffectiveness 
of Dicumarol when ligation is 
method of occlusion (Beattie et al.). 


spinal nerve root pain (radiculitis) simulat- 
ing: common sjmdrome (Davis), 70 

Occlusive arterial disease, noninflammatory', 
generalized: “angiomesohyper- 

plasia” (Ray et al.), 117 
diseases, its_ action on ischemic pains of: 
experiences with new synthetic 
analgesic, Amidone (Popkin), 793 
of extremities, effect of, on blood supply 
of nerves ; experimental and clinical 
studies on role of vpsa nervorum 
(Roberts), 369 

Oligemia and hypotension, changes in plasma 
volume and mean arterial pressure 
after intravenous injection of con- 
centrated human serum albumin in 
thirty-eight patients with, 837* 

Omnivorous animals, study of blood lipids in 
(Stubbs et al.), (Proc.) 853 

Oscillographic index in dilatation of left auricle, 
on, 834* 

Oxygen concentrations, high and low, effect of 
inhalation of, on respiration, pulse 
rate, ballistocardiogram, and arter- 
ial oxy'gen saturation (oximeter) of 
normal individuals, 158 
consumption, study of rate of, in patients 
with arterial degeneration and con- 
sideration of relation of metabolic 
processes to onset of degeneration 
(Chieffl and Kountz), (Proc.) 864 
content of arterial blood in dogs breathing air 
at low barometric pressures, 826*^ 
intravenous, and pulmonary embolism, 152* 
venesection, and digitalis, effects of, in 
chronic heart failure from disease of 
lungs, 514* 

Oxygenation studies in congenital pulmonary 
stenosis (Gullickson et al.), 940 

P 

Paroxj'smal auricular tachycardia at rate of 86 
per minute (Miller et al.), 134 
tachy'cardia in newborn (Werneret al.), 1001 
of long duration in 4-year-old child, 833* 

Patent ductus arteriosus, complete division for, 
677* 

complications of surgery' of, 676* 

Penicillin action in subacute bacterial endo- 
carditis, contribution to study of, 
829* 

and streptomy'cin, thromboplastic properties 
of, 509* 

excretion by renal tubules, Caronamide, 
compound that inhibits, applied to 
treatment of subacute bacterial en- 
docarditis, 680* 
in cardiovascular syphilis, 841* 
treatment of bacterial endocarditis, fate of 
endocardial vegetations following, 
846* 

Percussion, direct, measurement of total trans- 
verse diameter of heart by (Stroud 
et al.), 780 

Pericardial effusion due to hemolotic strepto- 
coccus following acute upper res- 
piratory infection ; associated pleural 
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effusions (Rinzler .and Leibowitz), 
490 

Pericarditis, constrictive, neoplastic involve- 
, ment of pericardium producing syn- 
drome of (Fischer), 813 
tuberculous, clinically primary, 1013* 

Pericardium, neoplastic involvement of, pro- 
ducing syndrome of constrictive 
pericarditis (Fischer), 813 
primary mesothelioma of, 841* 

vascular tumors of (Greenberg and An- 
grist), 623 

Peripheral blood flow in rabbits with experi- 
mental hypertension, 681* 
vascular disease and _ coarctation of aorta, 
tonoscillography after exercise in 
(Ejrup), 41 

diseases of lower extremities, use of con- 
tinuous caudal and continuous 
spinal analgesia in diagnosis, prog- 
nosis, and rehabilitation of, 825*- 
system and its reactions in scurv^^ 506* 
vessels, action of carbon dioxide on tonus of, 
685* 

Personal history, familial and, of rheumatic 
fever, statistical study of (II); 
familial Incidence of rheumatic fever 
(Griffith et ah), 444 

Phlebectom 3 ^ multiple retrograde saphenous 
vein ligation and, with aid of malle- 
able intraluminal guide, 144* 

Phlebography for study of obstruction of veins 
of superior vena caval system, 144* 

Plasma protein pattern (Tiselius electrophoretic 
technique) of patients with hyper- 
tension and dogs with experimental 
renal hypertension, changes in, 
676* 

volume and mean arterial pressure, changes 
in, after intravenous injection of 
concentrated human serum albumin 
in thirty-eight patients with olige- 
mia and hypotension, 837* 
circulating red and, and distribution of 
blood in large and minute vessels 
in experimental shock in dogs, 
measured b}’’ radioactive isotopes of 
iron and iodine, 1014* 
determinations in rheumatic subjects dur- 
ing oral salicylate therapy, 524* 

Pleural effusions, associated; pericardial effu- 
sion due to hemol>d;ic streptococcus 
following acute upper respiratory 
infection (Rinzler and Leibowitz), 
490 

Pneumothorax, artificial (I); electrocardio- 
graphic changes in pulmonary col- 
lapse therapy (Feldman and Silver- 
berg), 800 

Positions, lying and standing, comparison of 
blood pressure in: study of five 
hundred men and five hundred 
women, 646 

Potassium, effect of adrenocortical and sympa- 
thicoadrenal factors on cardio- 
vascular sensitivity to, in rat, 686* 


observations concerning influence of, upon 
action of digitalis glycoside (lana- 
toside C), 1013* 

Precordial and esophageal leads, relation of 
unipolar limb leads to (Myers and 
Klein), 727 

electrocardiogram, note on importance of 
proper technique in recording- of 
(Ziegler), 769 

electrocardiograms, aid for taking (Rise- 
man), 643 

Precordium, ]eft,_ respirator}' movement as 
factor in production of Q waves in 
Lead I and in unipolar leads from, 
in human left bundle branch block 
(Lapin and Sprague), 962 

Pregnancy, coarctation of aorta in association 
with, 156* 

heart in toxemia of, 684* 
in rheumatic heart disease, determination of 
' prognosis of (Bunim and Rubriciu=l 
282 

Pressure, arterial, and blood flow in foot, rela- 
tion between (Scheinberg et al ) 
409 

blood, comparison of, in lying and standing 
positions: study of five hundred 
men and five hundred women 
(Currens), 646 

intra-abdominal, further studies on acute 
effects of, 506* 

venous, behavior of, during various stages of 
chronic congestive heart failure 
(Gibbons), 553 

stenosis, congenital, oxygenation studies in 
(Gullickson et ah), 940 
tuberculosis associated with anomalous com- 
mon left pulmonary vein entering 
the left innominate vein, 677* 
vessels, role of, in reflex control of blood 
circulation, 149* 

Psychosomatic aspects of cardiac arrhythmias: 

phvsiological dynamic approach, 
15i* 

Pulmonary collapse therapy, electrocardio- 
graphic changes in; 1. Artificial 
pneumothorax (Feldman and Silver- 
berg), 800 

congestion, experimental, diminished effi- 
ciency and altered dynamics of res- 
piration in (Heyer et ah), 463 
stenosis, congenital (Lowance et ah), 820 

Pulse rate, study of systolic blood pressure and, 
in traumatic shock, 845* 

Q 

Q waves, respiratory movement as factor in 
production of, in Lead Land in uni- 
polar leads from left precordium in 
human left bundle branch block 
(Lapin and Sprague), 962 

Q-T internal, further consideration of, 150* 
nomogram for rate correction of, in electro- 
cardiogram (Kissin et ah), 990 
prolongation of, in electrocardio^m oc- 
curring as temporar}'^ functional dis- 
turbance in healthy persons (Hor- 
witz and Graybiel), 480 
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Quinidine, commercial, 'synthetic quimdme, 
dihydroqui;iidine, and quinine, rela- 
tive value of, in control of cardiac 
arrhythmias, 512*- 

sulfate, intensity and duration of action of, 
in auricular fibrillation and flutter 
(Wegria), 787 

synthetic, dihydroquinidine, commercial 
quinidine, and quinine, relative 
value of, in control of cardiac arrhy- 
thmias, 512* 

Quinine, relative value of synthetic quinidine, 
dihydroquinidine, commercial qui- 
nidine, and, in control of cardiac 
arrhythmias, 512* 

Qiiinone, vitamin K-Iike, note on effect of, 
upon experimental renal hyperten- 
sion in dogs, 525* 

R 

Radiculitis, spinal ner\m root pain, simulating 
coronar^'’ occlusion; common syn- 
drome (Davis), 70 

Radiocative erythrocytes, in-vivo distribution 
of, in normal and infarcted human 
heart (Prinzmetal et al.), 690 

Red, circulating, and plasma volume and dis- 
tribution of blood in large and 
minute vessels in experimental 
shock in dogs, measured by radio- 
active isotopes of iron and iodine, 
1014* 

squill, action of digitalis glycosides on central 
nervous system with special refer- 
ence to convulsant action of, 523* 

Rehabilitation, subsequent, electrocardiogram 
of man in semistarvation and 
(Simonson et ah), 584 

Renal function and cardiac output, some endo- 
crine influences on, 158* 
hypertension, "neurogenic” versus, from 
standpoint of operabilit}', surgical 
treatment of hypertension, 511* 
vascular and diodrast Tm changes with age 
(Davies), (Proc.) 854 

Renin, circulating, dosage of, in arterial hyper- 
tension, 833* 

content of renal venous blood of normal and 
hypertensive patients at rest, 828* 
hypertensinogen, and hypertensinase concen- 
tration of blood of dogs during de- 
velopment of hypertension by con- 
striction of renal artery, 828* 

Respiration, diminished efficiency and altered 
dymanics of, in experimental pul- 
monary congestion (Heyer et ah), 
463 

Respiratory air flow resistance in dogs with 
special reference to vagotomy, ob- 
servations on effects on lungs of 
^ ' (Zinberg et ah), 774 
and circulatory changes during acclimatiza- 
tion to high altitude, 1015* 
effects, cardiovascular and, of antihistamine 
-.agent B-dimethylaminoeth 3 d benz- 
fiydrj'l ethel hvdrochloride (bena- 
dryl hj'drochloride), 523* 


infections, upper, acute, pericardial effusion 
due to hemolytic streptococcus 
following; associated pleural effu- 
sions (Rinzler and Leibowitz), 490 
movement as factor in production of Q waves 
in Lead I and in unipolar leads from 
left precordium in human left 
bundle branch block (Lapin and 
Sprague), 962 

Rheumatic chilren, diagnosis of mitral insuffi- 
ciency in (Kuttner and Markowitz), 
718 

fever and disseminated lupus erythematosus, 
experimental anaphylactic lesions 
of coronarj’’ arteries of “sclerotic” 
type commonl}’- associated with, 
1010 * 

familial incidence of ; I. Discussion of rela- 
tionship between positive family 
history and development of rheu- 
matic fever in individuals of mili- 
tary age (Griffith et ah), 438 
II. Statistical study of familial and 
personal history of rheumatic fever 
(Griffith et ah), 444 

necessiti^ and possibility of giving detoxi- 
. fied large oral doses of salici'lates in 
treatment of, in order to prevent or 
cure inflammatory stage of carditis, 
682* 

pathogenesis of glomerulonephritis and, 
514* 

studies on pathogenesis of; 1. Experi- 
mental production of autoantibodies 
to heart, skeletal muscle, and con- 
nective tissue, 146* 

11. Cardiac lesions produced in rats by 
means of autoantibodies, 512* 
heart disease, determination of prognosis of 
pregnancy in (Bunim and Rubri- 
cius), 282 

subjects, plasma volume determinations in, 
during oral salicjdate therapy, 524* 

Right axis deviation, analj'sis of causes of, 
based parti}' on endocardial poten- 
tials of hypertrophied right ventricle 
(Kossmann et ah), 309 
ventricle, hypertrophied, analj'sis of causes 
of right axis deviation based parti}' 
on endocardial potentials of (Koss- 
mann et ah), 309 

Roentgen visualization of. inferior vena cava, 
1006* 

Roentgenologic evaluation, clinical and, of 
venography, 1005* 

Rupture of heart following acute myofcardial in- 
farction (Diaz-Rivera and Miller), 
126 

S 

Salicylate therapy, oral, plasma volume deter 
minations in rheumatic subjects 
during, 524* 

Salicylates, necessity and possibility of giving 
detoxified large oral doses of, in 
treatment of rheumatic _ fever In 
order to prevent or cure inflamma- 
tory-stage of carditis, 682* 
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Saphenous vein ligation, multiple retrograde, 
and phlebectomy with aid of malle- 
able intraluminal guide, 144* 

Schistosorhiasis, study of changes encountered 
in 141 patients treated for; effect 
- ■ of antimony compounds, Fuadin 

and tartar emetic, on electrocardio- 
gram of man, 1014* 

Scleroderma, diffuse, disseminated lupus erythe- 
matosus and, 148* 

Sclerosis, coronary artery (II); sudden and un- 
expected natural death (Rabson and 
Helpern), 635 

in chickens, medial degeneration as pri- 
mary lesion in (Paterson et al.), 
(Proc.) 852 

Scurvy, peripheral vascular system and its re- 
actions in, 506* 

Seasonal variations in heart and coronary di- 
sease as related to various environ- 
mental factors (Brown, Jr., and 
Pearson), 763 

Sedimentation rate in myocardial infarction, 
147* 

Semeiologia cardiovascular (Carral and de 
Teresa), (B. Rev;'), 1019 

Semistarv'ation and subsequent rehabilitation, 
electrocardiogram of man in (Simon- 
son et al.), 584 

size and function of human heart at rest in, 
and in subsequent rehabilitation, 
827* 

Septal defect, atrial j correlation^ of autopsy 
findings with data obtained by right 
heart catheterization, 517* ^ 
interatrial, associated with syphilitic aortic 
• insufficiency (Lipson), 497 

Shock, hemorrhagic, terminal eleclrocardio- 
' graphic patterns in experimental 
anoxia, coronary ’ occlusion, and 
(Harris), 895 

Silicosis and related pathologic changes, pul- 
monary vascular lesions in, 519* 
electrocardiogram in, 832* 

Sodium chloride, dietary, and water intake, 
relative importance of in cardiac 
. edema, .674* 

Somatic component of cardiac pain, therapy 
■ directed at (Rinzler and Travell), 
248 

Spinal nerve root pain (radiculitis) simulating 
coronary occlusion: common syn- 
drome (Davis), 70 

Splanchnicectomy lumbodorsal, effect of, on 
blood volume and “thiocyanate 
space” of patients with essential 
hypertension, 525* 

supradiaphragmatic, influence of, on heart 
in hypertension (Isberg and Peet), 
567 

Splenomegaly in congestive heart failure, 847* 

S-T, variations in deviations of, in anterior 
wall infarction (Dressier and Roes- 
ler), 58 

Stenosis, mitral, new concepts concerning 
treatment of, 682* 


, pulmonary, congenital (Lowance et al.),- 820 
oxj'genation studies in (Gullickson et 
al.), 940 

Stokes-Adams syndrome, newer concept of 
(Schnur), 298 

Streptococcus, hemolytic, pericardial effusion 
due to, following acute upper res- 
piratory infection; associated 
' pleural effusions (Rinzler and Leibo- 
witz), 490 

Streptomycin, subacute bacterial endocarditis 
diie to B. tularehse treated by, 835* 
successful treatment of subacute bacterial 
endocarditis with (Guss), 662 
thromboplastic properties of penicillin and, 
509* 

Strophanthidin, digitalis-like' action of some 
new glycosides and esters of, 513* 

Subacute bacterial endocarditis, successful 
treatment of, with streptomycin 
(Guss), 662 

Sulfhydr 3 d compounds, certain, influence of, 
on toxicity of organic mercurial 
diuretic, 155* 

Supradiaphragmatic splanchnicectomj’’, in- 
fluence of, on heart in hypertension 
(Isberg and Peet), 567, 

Surgical cure of innominate aneurysm; report 
of case with comments on applica- 
bility of surgical measures, 1011* 

S'wave pattern _ electrocardiogram, clinical 
analj'sis of (Pershing and Baker), 
106 

Sympathectomy as adjuvant in operative treat- 
ment of aneurysms and arterio- 
venous fistulas; 1. Sympathectomy 
performed before or at time of oper- 
ation, 844* 

II. Sj^mpathectomy performed after 
operation, 845* 

in treatment of surgical lesions of major 
arteries, evaluation of basal vascular 
tone test as indication for, 508* 

S^mdrome, carotid sinus, carotid bodj'’ tumor 
in association with, 678* 
Stokes-Adams, newer concept of (Schnur), 
298 

Wolff-Parkinson-White, in case of congenital 
heart disease (Stein), 140 
prognosis of, 151* 

Syndromes, clinical, varied, produced by dis- 
secting aneurj'sm (Baer and Gold- 
burgh), 198 

Syphilis, cardiovascular, penicillin in, 841* 

Sj^philitic aortic insufficienc}', interatrial septal 
defect associated with (Lipson), 497 
prognosis of, 674* 

T 

Tachycardia, auricular, paroxysmal, at rate of 
86 per minute (Miller et al.), 134 
paroxysmal, in newborn (Werner et al.), 1001 
of long duration in 4-year-old child, 833* 
so-called “infarction-type” electrocardio- 
graphic changes following, 522* 
ventricular, unusual case of, 834* 

Tartar emetic, Fuadin ’ and,- antimony com- 
pounds, effect of, oh electrocardio- 
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‘ gram of man ; study of changes en- 
countered in 141 patients treated for 
schistosomiasis, 1014* 

Tempi di circolo e velocity distrettuale di 
corrente (Francaviglia and Tur- 
chetti), (B. Rev.) 1018 

Temporal arteritis (Protas and Saidman), 
(Proc.) 867 

Terminal electrocardiogram: twenty-three 

case reports and review of literature 
(Stroud and Feil), 910 

electrocardiographic patterns in experimental 
anoxia, coronary occlusion, and 
hemorrhagic shock (Harris), 895 

Tetraethylammonium chloride, use of, in treat- 
ment of experimental acute arterial 
insufficiency, 1012* 

Theophylline ethylene diamine, circulatory 
action of, 513* 

Therapy, Cornell conference on, vol. II (Gold 
et al), (B. Rev.) 1020 
directed at somatic component of cardiac 
pain (Rinzler and Travell), 248 
heparin-Dicumarol, combined, of myocardial 
infarction (Glueck et al.), 269 

"Thiocyanate space,” blood volume and, of 
patients with essential hyperten- 
sion, effect of lumbodorsal splanch- 
nicectomy on, 525* 

Thoracoplast}’, transient right bundle branch 
block following, 685* 

Thromboangiitis obliterans in white and Negro 
patients, comparative stud)' of, 
1012 * 

mesenteric vascular occlusion complicating, 
514* 

Thromboembolic disease, anticoagulation ther- 
apy with heparin/Pitkin menstruum 
in, 679* 

Thromboplastic properties of penicillin and 
streptomycin, 509* 

Thrombosis, coronary, in young woman 19 
years of age, death following (Evans 
and Graybiel), 485 

pathophysiology of cause of death from, 
839* 


effects on venous endothelium of alterations 
in ^ blood flow through vessels in 
vein walls and possible relation to, 
835* 


intravascular, response of persons with and 
without, to heparin tolerance test 
(Hagedom and Barker), 603 
specific therapy in; origin and physiology of 
heparin, 520* 

venous, and peripheral pulmonary emboliza- 
tion; I. ^ Diagnosis of venous 
thrombosis in lower extremities, 
147* 


Thrombotic arterial occlusion, is athero- 
sclerosis with, industrial disease? 
(Davis, III), (Proc.) 858 


Thyroid and experimental atherosclerosis in 
chicken (Horlick et al.), (Proc.) 863 

Thyroidectomy, subtotal: treatment of mild 
or moderate congestive failure in 
^'alvular heart disease and normal 
thyroid function, 833* 

Tolerance test, heparin, response of persons 
with and without intravascular 
thrombosis to (Hagedorn and 
Barker), 603 

Tonoscillography after e.xercise in peripheral 
vascular disease and coarctation of 
aorta (Ejrup), 41 

Toxemia of pregnancy, heart in, 684* 

Transverse diameter, total, of heart, measure- 
ment pf, by direct percussion 
(Stroud et al.), 780 

Tratamiento basado varices su, en la flebografia 
(Martorell), (B. Rev.) 1017 

Trauma, heart: myocardial involvement (con- 
. tusion) following nonpenetrating 
injur)' to chest (airplane accident), 
146* 

Traumatic arterial vasospasm, 516* 

shock, study of systolic blood pressure and 
pulse rate in, 845* 

Tricuspid atresia, Eisenmenger’s complex, 
transposition of great vessels, and 
single ventricle: four important 
congenital cardiac conditions caus- 
ing c)'anosis to be differentiated 
from tetralogy of Fallot, 145* 
lesions, diagnosis of, 840* 

Tuberculosis, pulmonar)', associated with ano- 
malous left pulmonary vein entering 
left innominate vein, 677* 

Tuberculous pericarditis, clinically primar\', 
1013* 

Tumor, carotid body, in association with 
carotid sinus syndrome, 678* 
mediastinal, anomalv of aorta simulating, 
678* 

Tumors, vascular intracranial, arterialization 
of internal jugular blood during 
hyperventilation as aid in diagnosis 
of, 150* 

primar)', of pericardium (Greenberg and 
Angrist), 623 

U 

Ulcers, “trophic,” of hands complicating myo- 
cardial infarction, 518* 

Unipolar lead electrocardiography, (Gold- 
berger), (B. Rev.) 1020 
leads, respirator)' movement as factor in 
• production of Q waves in Lead I 
and in, from left precordium in 
human left bundle branch block 
(Lapin and Sprague), 962 

limb leads relation of, to precordial and 
esophageal leads (Myers and Klein) 
727 
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Unipolares, derivacoes, das extremidades con- 
tribuicao ao estudo dos seus as- 
pectos normals (de Melo), (B. 
Rev.) 1017 

Uremia, case of, manifesting hyperpotassemia, 
electrocardiographic abnormalities 
in (Tarail), 665 

intestinal perfusion in treatment of, 516* 

Urinarj? findings, characteristic, in visceral 
angiitis; (periarteritis nodosa, lupus 
erj'thematosus), 676* 

V 

Vagotomy, observations on effects on lungs of 
respiratory air flow resistance in 
dogs with special reference to 
(Zinberg et al.), 774 

Varices su tratamiento basado en la flebografia, 
(Martorell), (B. Rev.) 1017 

Vasa nervorum, experimental and clinical 
studies on role of; effect of occlusive 
arterial diseases of extremities on 
blood supply of ner\'es (Roberts), 
369 

Vascular damage in diabetes mellitus, clinical 
evaluation of, 830* 

, disease, hypertensive, basal metabolic rate 
in, 1016* 

peripheral, and coarctation of aorta, 
tonoscillography after exercise in 
(Ejrup), 41 

diseases, peripheral, of lower extremities,' use 
of continous caudal and continuous 
spinal analgesia in diagnosis, prog- 
, nosis, and rehabilitation of, 825* 
disorders, peripheral, fluorescein studies in, 
525* 

fragility tests, three, experience with, in 
hypertension .(Schweppe et al.), 393 
lesions, pulmonary, in silicosis and related 
pathologic changes, 519* 
occlusion, mesenteric, complicating throm- 
boangiitis obliterans, 514* 
renal, and diodrast Tm changes with age 
(Davies), (Proc.) 854 

responses in man to ligation of inferior vena 
cava, 1007* 

tone test, basal, evaluation of, as indication 
for sympathectomy in treatment of 
surgical lesions of major arteries, 
508^' 

tumors, primary, of pericardium (Greenberg 
and Angrist), 623 

Vascularization of aorta in different species in 
health and disease (Schlichter), 
(Proc.) 850 

Vasospasm, arterial, traumatic, 516* 

Vein, anomalous common left pulmonary, 
entering left innominate vein, pul- 
monary tuberculosis associated 
with, 677* . 


Veins of superior vena caval system, phlebo- 
graphy for study of obstruction of, 
144* 

Vena cava, inferior, roentgen visualization of, 
1006* 

vascular responses in man to ligation of, 
1007* 

Venesection, oxygen, and digitalis, effects of, 
in chronic heart failure from disease 
of lungs, 514* 

Venography, abdominal, 1006* 

clinical and roentgenologic evaluation of, 
1005* 

of lower extremities, on, 155* 

Venosa, circolazione, fisiopatologia della (Con- 
dorelli), (B. Rev.) 1018 

Venous catheterization of heart; I. Indica- 
cations, techniques, and errors, 
506* 

II. Results, interpretations, and value, 
507* 

circulation, phj’siopatKolog^' of, 508* 

endothelium, effects on, of alterations in 
blood flow through vessels in vein 
walls and possible relation to throm- 
bosis, 835* 

pressure, behavior of, during various stages 
of chronic congestive heart failure 
(Gibbons), 553 

Ventricle, dog’s, electrocardiographic changes 
induced by cooling or warming 
inner surface of, 157* 

left, contusion of heart with late rupture of, 
682* 

right, hypertrophied, analysis of causes of 
right axis deviation based partly on 
endocardial potentials of (Koss- 
mann et al.), 309 

hypotension in, during occlusion of carotid 
arteries, 685* 

single, tricuspid atresia, Eisenmenger’s com- 
plex, transposition of great vessels 
and: four important congenital 
cardiac conditions causing cyanosis 
to be differentiated from tetralogj' 
of Fallot, 145* 

Ventricles, electrokymographic studies of asyn- 
chronism of ejection from (Ellinger 
et al.), 971 , 

Ventricular, el gradiente, y el componente 
anormal en el diagnostico de los 
infartos del miocardio, 825* 

hypertrophy, right, electrocardiographic diag- 
nosis of (Myers et al.), 1 • 

pressure, right, in- arterial hypertension, 833* 

tachycardia, unusual case of, 834* 

Vessels, great,, transposition of, tricuspid 
atresia, Eisenmenger’s complex, and' 
single ventricle; four important 
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